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ABSTRACT 

These are the proceedings of the fourth international workshop on "Chiral Dy- 
namics: Theory and Experiment" which was held at the University of Bonn, 
September 8-13, 2003. The workshop concentrated on the various experimental 
and theoretical aspects of chiral dynamics, including for the first time in this 
series detailed discussions of lattice gauge theory. It consisted of an introduc- 
tory lecture, plenary talks, working group talks and working group summaries. 
Included is a short contribution per talk. 
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1 Introduction 



This volume presents the mini-proceedings of the workshop on "Chiral Dynamics: 
Theory and Experiment" which was held at the University of Bonn, September 
8-13, 2003. This workshop was the fourth in a series, following MIT (1994), 
University of Mainz (1997) and Jefferson Laboratory (2000). The fifth one will 
be organized at TUNL-Duke in 2006. 

The unique feature of this series of workshops is the approximately equal 
mixture of theory and experiment. Due to the rapid developments in the last 
decade, the range of topics which was discussed has considerably increased over 
the years. This is reflected in the structure of the working groups, which besides 
the "classical" topics of Goldstone boson and Goldstone boson-baryon physics 
were centered around few-body systems and hadronic bound states as well as 
chiral lattice dynamics. 

The workshop consisted of an introductory lecture by John Donoghue, which 
spurred lively discussions, and 20 plenary talks in the morning sessions. In the 
afternoons, four working groups took place with about 90 talks in total. The 
results of these working groups were summarized by the convenors in the plenary 
session on the last day of the workshop. We had about 140 participants from 20 
different countries, with a large amount of younger people, showing that this field 
is still growing and gaining importance. The outcome of all these talks and the 
related discussions are summarized in these mini-proceedings. Although the pro- 
ceedings of the first three workshops were published in conventional proceedings, 
we believe that the format chosen here better captures the actual status of the 
field and allows for a quicker access to the presently available literature. Some 
of the talks are available as PDF or PS file on the conference web page under 
www . itkp . uni-bonn . de/~cd2003/. 

Finally, we would like to take this occasion to thank the speakers, the working 
group convenors, and all the participants for making this workshop a real success. 
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The Physics of the Chiral Effective Field Theory 



John F. Donoghue 

Dept. of Physics, University of Massachusetts, 
Amherst, MA 01003, USA 

In this talk I looked at the effective field theory aspects of chiral perturbation 
theory. We have known for a long time about the physics that determines the 
low energy constants that appear in the chiral lagrangian - these are very often 
dominated by the effects of the nearest resonances. However, effective field theory 
goes beyond the lagrangian by including the quantum effects that come from loop 
corrections. The physics of chiral loops is less understood and the talk focussed 
on this aspect. Some of the conclusions are perhaps controversial, but I presented 
the experimental evidence that supports them. A copy of the full talk will be 
available on my web site, http://www.physics.umass.edu/jdonoghue/ , for the 
moderate future. 

Effective field theory is a procedure for extracting the low energy predictions 
of a theory. An effective field theory will contain an energy scale that defines the 
separation of low energy (where the effective field theory is valid) from high en- 
ergy (where a more complete theory is needed). Loop diagrams always involve the 
integration over all momentum, including momenta that occur beyond this sepa- 
rations scale. These high energy components of loops in the effective field theory 
will not be correct because the effective field theory is no longer valid/accurate 
at these high energies. However, since this inaccuracy arises from short distance 
physics, it can be corrected for by an adjustment of the local terms in the chiral 
lagrangian. Nevertheless, it is interesting to explore where this separation occurs 
in loop processes and to see when the loops are accurate. 

I first explored loops as a function of energy. In very many low energy pro- 
cesses, loops are relatively unimportant - the main ingredients to the processes 
are the low energy constants of the chiral lagrangian. Indeed, in the classic meson 
sector, the only situation where loops are important is when the two intermediate 
pions can be in an S-wave. The clearest probe of this physics that I know of is 
the reaction 77 vr^vr^, which to order E"^ occurs purely through loops. In this 
case, the two photon initial state provides a variable energy to probe the loop 
diagram. Here we have the one-loop and two-loop chiral analysis, plus data, as 
well as a dispersive analysis based on the Omnes function. (References can be 
found in [1].) We see clearly that the one-loop analysis fails at ^/s = 600 MeV. 
The reason for this is clear - loop diagrams are made of tree level vertices and the 
lowest order vrvr S-wave scattering amplitude fails at this energy. A two loop cal- 
culation or the use of the Omnes function can improve results as one approaches 
this energy, but still 600 MeV appears as the scale where the effective field theory 
breaks down in S-wave pion loops. 

I then explored loops as a function of mass. For this exercise, the dispersive 
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analysis of the V—A vacuum polarization functions is useful because the Weinberg 
and DM0 sum rules allow one to probe the chiral logarithms using data (A 
portion of this analysis has been published in [2].). The point here is that chiral 
logarithms arise from the threshold behavior of the dispersive spectral functions, 
yet in the data one can also see the onset of the high energy regime (which 
occurs at the rho mass in this channel) beyond which the effective theory is no 
longer effective. The region between the threshold and the onset of the high 
energy regime is the region where the effective theory can be applied. We can 
probe this region as a function of the meson mass by using the chiral prediction 
for the spectral function in this region. It is easy to see that kaon loops fall 
outside the region of validity of the effective field theory. Their threshold starts at 
^/s = 1 GeV, which is well beyond the separation scale. This and other evidence 
points to the conclusion that kaon loops are not valid parts of the chiral effective 
field theory. Moreover, one can compare the chiral parameterization for the loop 
process (in terms of and Inm^) and the low energy part of the dispersive 
result. Doing this one learns that the chiral representation is excellent near the 
pion mass, but fails near meson masses of m = 250 MeV. This is lower than most 
of us would initially expect. However part of the difference is just a factor of two 
which arises from the fact that the threshold occurs at = 2m. Thus for this 
mass, the kinematic threshold suppression is not yet overcome before passing out 
of the low energy regime. 

Finally I discussed regularization schemes, in particular the difference be- 
tween scale-invariant schemes (variants of dimensional regularization) and scale- 
dependent schemes (such as various cutoff methods). In the region where the 
effective theory is valid, there cannot be a difference due to this scheme depen- 
dence. However, scale dependent schemes have the ability to probe how much of 
the loop physics arises from short distances - this is a useful diagnostic. Various 
examples of this procedure reinforce the conclusion that kaon loops lie outside 
the range of validity of the effective field theory. 

My conclusions were: Pion loops are only important in the tttt S wave; The 
transition from low-energy to high-energy happens around E = 600 MeV and m 
= 250 MeV; Pion loops are firmly in EFT region; If you are doing kaon loops, 
you are not doing effective field theory; Nature uses a cutoff regularization. 

References 

[1] S. Bellucci, J. Gasser and M. E. Sainio, Nucl. Phys. B 423 (1994) 80 
[Erratum-ibid. B 431 (1994) 413] [arXiv:hep-ph/9401206]. 

[2] J. Sanz-Cillero, J. F. Donoghue and A. Ross, arXiv:hep-ph/0305181 (to be 
published in Physics Letters). 



19 



77 and the PRIMEX 

Jose L. Goity 

Department of Physics, Hampton University, 
Hampton, VA 23668, USA, and 
Jefferson Lab, Newport News, VA 23606, USA. 

In the chiral hmit, the amphtude of the decay 7r° 77 is determined by 
the anomaly induced on the neutral iso-triplet axial current by the EM field. 
The amplitude is thus given in terms of the only available quantities in that 
limit, namely, the fine structure and the pion-decay constants. The prediction 
for the vr'^ width using that decay amplitude is in good agreement with the current 
experimental determination, which has a rather poor precision of about 8%. The 
deviations from the chiral limit prediction can be theoretically pinned down with 
rather good precision, as several analyses have shown [1,2,3]. The chief correction 
is induced by state mixing: due to isospin breaking the 7r° is not a pure isospin 
state, but it has an admixture with the two iso-singlet states, identified in the 
chiral limit with the rj and rj' mesons. The mixing with the first is driven by the 
ratio {mu—md)/{ms—rh), and that with the second by the ratio Nc{mu—m(i)/A^. 
It turns out that these two mixing effects give each an enhancement of about 1% 
to the 7r° amplitude. Such an enhancement had been pointed out long ago [4], 
and the more recent analyses have put it on solid ground, with calculations of 
strong interaction [2] and electromagnetic [3] corrections at NLO in the chiral 
and the fine structure constant respectively. 

The NLO strong interaction corrections were analyzed in the framework of 
ChPT combined with the expansion [5] (to allow for a consistent inclusion 
of the 7]'). In this approach the mixing corrections mentioned above are LO. 
The NLO corrections to the ir^ amplitude stem from order p"^ and order 1/Nc 
corrections to the decay constants and order p^, p'^/N^ and l/N^ to the masses of 
the n^, 7] and 77', as well as a correction from the order p^ Lagrangian of unnatural 
parity. These corrections are dominated by effects proportional to m^/A^ and 
l/7Vc, which are expected to correct the enhancement that results from the LO 
result by an amount of the order of 30%. The actual analysis, based on a global 
fit involving as inputs the meson masses and decay constants and the rj and rj' 
partial widths to two photons, shows that the NLO correction to the 7r° amplitude 
is within that expectation. The strong interaction effects are then determined to 
give an increase of the 7r° 77 width (with respect to the result obtained using 
the chiral limit amplitude) of 4.7 ± 0.8%. The chief uncertainty resides here in 
the input required for the ratio R = [nis — rh) / {rriu — m^) . The uncertainty in 
the EM piece of the — mass difference leads to the dominant uncertainty 
in the determination of R. The other sub leading corrections to the 7r° amplitude 
are EM. It was shown that at order the amplitude is only affected via EM 
corrections to the masses and decay constants. The analysis entails the estimate 
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of a few low energy constants, and the result is that the EM effects tend to reduce 
the 7r° width by roughly 0.03 eV (or 0.4 %). 

In summary, the theoretical prediction that results from the analyses just 
described is 

r^o^^^ = 8.11 ± 0.07 eV. 

The upcoming Jefferson Lab experiment PRIMEX [6] will determine the vr" 
width by means of the Primakoff effect. The coherent photo-production of the 7r° 
off the Coulomb field of a nucleus ( ^^C, ^"^^Sn and '^^^Ph) is dominated at small 
angles by that effect. The Primakoff cross section gives direct access to the vr" — > 
77 width because it is proportional to it. The measurement of this cross section to 
high accuracy is therefore the goal of this experiment. The PRIMEX represents 
a new generation of such experiments (three previous experiments of this kind 
have a very important weight in the present average value of the width). It 
has a tagged bremmstrahlung photon beam with uncertainties of less than 1% in 
photon flux and 10~^ in energy, which represents a big improvement over previous 
experiments. Also, a high resolution hybrid Ph glass and crystal calorimeter 
provides for a precise determination of the 7r° production angle (uncertainty of the 
order of 0.01°). With this the maping the Primakoff peak is possible and in this 
way the determination of other production mechanisms can be also determined, 
such as the coherent production via strong interactions whose interference with 
the Primakoff effect gives the dominating deviation to be taken into account. 
With this setup, the PRIMEX aims at a determination of the vr^ width at the 
1.4% level of precision. This experimental accuracy implies that the enhancement 
effect of over 4% predicted by theory can be put to the test and in this way uncover 
experimentally chiral symmetry breaking effects in the tt" lifetime. The PRIMEX 
is scheduled to run in early to mid 2004. 
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Results from DA$NE 



Margherita Primavera^ on behalf of the KLOE Collaboration[l] 

^INFN Lecce, Via Arnesano, 73100 Lecce, Italy 

DA$NE[2], the Frascati cf) factory, is an e^e~ accelerator operating at ~ 

^ 1.02 GeV !<? . The design luminosity is ~ 5 ■ 10'^^ cm~^s~^. One of the two 
machine interaction regions is occupied by the KLOE experiment and the other 
one is shared in time between the two experiments DEAR and FINUDA. 

After the 2002 data taking campaign, in which data of kaonic nitrogen (~ 
17 and kaonic hydrogen (~ 60 has been collected, DEAR [3] has 

measured the three transitions 7 — 6, 6 ^ 5, 5 ^ 4 in kaonic nitrogen and 
performed a feasibility test of a precision measurement of K~ mass, and has 
obtained a preliminary measurement of the shift e and the width F of the K^^ 
line of kaonic hydrogen. 

FINUDA [4] physics program is concentrated on A hypernuclei spectroscopy 
and decays, especially the non mesonic decays, which are only possible in a nu- 
cleus. The detector has been installed during this year and is now ready to collect 
data. 

KLOE [5] is a general purpose detector, optimized to study CP simmetry 
violation in the neutral kaon system. It consists of a large drift chamber [6] sur- 
rounded by a lead/scintillating fiber electromagnetic calorimeter [7]. The detector 
is immersed in a 0.52 T solenoidal magnetic field, provided by a superconducting 
coil. The momentum resolution of the drift chamber is Up/p < 0.4% on tracks 
with 45° < 9 < 135°, while calorimeter energy and time resolution are, respec- 
tively, aE/E = 5.7%/y/E{GeV) and at = 54 ps/ ^E{GeV) ® 50 ps. The whole 
data set collected by KLOE during 2001-2002 amounts to about 450 pb~^. Much 
of this data set has been analized and has yielded improved results on Ks and 
radiative decays, as well as studies concerning a wide range of topics in kaon and 
hadronic physics. 

Kaon physics at KLOE. At DA$NE, a tagging tecnique can be applied 
in order to signal the presence of Ks{Ki) or K^{K~) in an event with a Ki{Ks) 
or K~{K^) in the opposite hemisphere. KLOE has measured the ratio T{Ks — > 
7r+7r-(7))/r(As ^ ti^h^) = 2.236 ± 0.003 ± 0.015 [8], from which the difference 
of TTTT phase shifts in K nir transitions with 1=0 and 2 has been determined: 
Xo ~ X2 = (48 ± 3)°, thus improving the agreement with present predictions. 
KLOE has improved its previous measurement of BIi{Ks Tr^e^z/) [9] obtaining 
(6.81 ± 0.12 ± 0.10) ■ 10^^ and the first-ever measurement of the Ks semileptonic 
asymmetry As = (19 ± 17 ± 6) ■ 10"^ For the ratio T{Kl 77)/r(AL 
37r°) KLOE obtains the value (2.793 ± 0.022 ± 0.024) ■ 10-3[10] and is currently 
evaluating the BR of the decay channels of K^ to charged particles. On 187 
pb^i of 2001-2002 data, KLOE measures BR{K^ tt^tt^tt^) = 1.781 ± 0.013 ± 
0.016% [11]. KLOE should be able to measure all A'/s BR's, thus improving the 
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experimental error on the CKM matrix element | Vus |- 

decays and continuum physics at KLOE. KLOE has recently pub- 
lished [12] an analysis of the decay cf) tt^tt^tt^, mainly proceeding through 
pn final states. The fit to the Dalitz plot provides values for the p mass and 
width: nip = 775.8 ± 0.5 ± 0.3 MeV and Tp = 143.9 ± 1.3 ± 1.1 MeV. From 
the ratio of BR's for the decays (p ~^ v'l ^^'^ ^ 777 KLOE has obtained a 
value of the pseudoscalar mixing angle, ipp = (41.8]'^}'g)° and a limit on the glu- 
onium content of the rj' [13]. KLOE has analized, using 17 pb~^ of 2000 data, 
[14,15] the decays — >■ 7r°7r°7 and rj-ir^'-f, where the dominant contribu- 
tions come from production and decay of the scalar mesons /o and oq, respec- 
tively. Finally, KLOE is concluding the measurement of a{e~^e~ — > tt^tt^) for 
0.3 < < 1 GeV^ [16] by using initial state radiation and a MC generator 
to relate a{e^e^ — ir^ir^^) to a{e~^e~ — vr+vr"). The KLOE data provide 
^hadr ^ 1010(0.37 < < 0.95 GeV^) = 374.1 ± 1.1 ± 5.2 ± 2.6th plus a - 2% 
correction for loss of ISR-I-FSR events in the simulation. 
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Theory 



V. Bernard^, T.R. Hemmert^ and Ulf-G. MeiBner ^ 
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Understanding the spin structure of the nucleon is a central topic of present 
nuclear and particle physics interest. In the low energy region it allows to test 
QCD chiral dynamics with processes involving two photons. It is also of partic- 
ular interest to obtain an understanding of how in QCD the transition from the 
non-perturbative to the perturbative regime takes place, guided by the precise ex- 
perimental mapping of spin-dependent observables from low momentum transfer 
to the multi-GeV region, as it is one of the main thrusts of the research carried out 
at Jefferson Laboratory (see W. Korsch, these mini-proceedings and [1,2]). The 
theoretical investigation of the nucleon's spin structure in the non-perturbative 
regime of QCD can be done using a dispersive analysis (see D. Drechsel, these 
mini-proceedings). We are utilizing chiral perturbation theory (CHPT) which is 
based on the spontaneous and explicit chiral symmetry breaking QCD is supposed 
to undergo. However, baryon CHPT is complicated by the fact that the nucleon 
mass m does not vanish in the chiral limit and thus introduces a new mass scale 
apart from the one set by the quark masses. Therefore, any power of the quark 
masses can be generated by chiral loops, spoiling the one-to-one correspondence 
between the loop expansion and the one in the small parameter q denoting the 
pion mass or a small external momenta. One method to overcome this is heavy 
baryon chiral perturbation theory, (HBCHPT) where the nucleon mass is trans- 
formed from the propagator into a string of vertices with increasing powers of 
1/m. However, this method has the disadvantage that certain types of diagrams 
are at odds with strictures from analyticity. In a fully relativistic treatment, such 
constraints from analyticity are automatically fulfilled. It was recently argued [3] 
that relativistic one-loop integrals can be separated into "soft" and "hard" parts. 
While for the former the power counting as in HBCHPT applies, the contribu- 
tions from the latter can be absorbed in certain LECs. The underlying method is 
called "infrared regularization" [4]. It was shown that in this scheme one actually 
resums graphs with n kinetic insertions on the nucleon line which in the case of 
HBCHPT would be 1/ suppressed. This of course leads to better convergence 
of the chiral serie and should allow to increase the range of applicability of the 
theory. However this range is limited since one introduces in the calculation of 
the loop functions an infinite Feynman parameter which might result in diver- 
gences. In the case of forward double virtual scattering (V^CS) which is the 
process under investigation here, they appear at = IGeV^ in principle well 
beyond the range of validity of CHPT. However dealing with higher derivatives of 
the loop functions the influence of the singularity is felt at smaller values of Q^, 
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restricting our range to Q^ax = 0.2 ■ ■ ■ 0.4GeV^. We have performed an 0{q^) 
parameter free calculation of the V^CS spin structure functions in the infrared 
regularization scheme [5]. These are intimately connected to the ones probed in 
inelastic electroproduction experiments because of unitarity. The A(1232) being 
well known to play a significant role in the spin sector of the nucleon, we have 
calculated relativistic Born graphs to get an estimate of its contribution to the 
spin structure functions. 

A typical result for the case of 
the proton is depicted in the fig- 
ure which shows the so called gen- 
eralized Gerasimov-Drell-Hearn sum 
rule. The zero crossing around 0.25 
GeV^ nicely reproduces the data [1]. 
The inclusion of the A and the vec- 
tor mesons improves the comparison 
between theory and experiment as 
confirmed by the very preliminary 
data obtained by the CLAS collab- 
oration. However the calculation of 
the A is very conservative and thus 
leads to large theoretical uncertain- 
ties. 

A fully systematic treatment is underway, a consistent extension of the Lorentz- 
invariant method to spin-3/2 fields having been formulated [6]. We have per- 
formed a chiral expansion of the forward and longitudinal-transverse spin polar- 
izabilities and found bad convergence in the case of the forward one. The reason 
rests entirely on the slow convergence of the pole (Born) graphs. A resummation 
of these is needed, work in this direction is in progress. An understanding of the 
spin structure of the nucleon in the non perturbative regime of QCD and of the 
transition to the perturbative one is clearly underway. 
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Polarized Total Photoabsorption Cross Sections 

Berthold H. Schoch 

Physikalisches Inst it ut, Universitat Bonn, 
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Fundamental static properties of the nucleons are connected via sum rules 
with the total photon absorption cross sections of the nucleons. For the case of 
the unpolarized cross section ctt the sum of the electric a{Ery) and magnetic 
(3{Ery) polarizabilities can be expressed by Baldins sum rule: 

The energy dependence of the energy weighted total absorption cross section 
exhibits already the most relevant nucleon excitations for these static proper- 
ties. Contributions from non resonant single pion production and the first and 
second resonance region dominate the integral. For the energies above the sec- 
ond resonance region the total absorption cross section can be described by 
a Regge parametrization which reflects the dominance of diffractive processes. 
The contributions to the integral from these processes are small due to the inverse 
quadratic energy weighting of the cross section. 

By using a circulary polarized photon beam and a longitudinal - in beam di- 
rection - polarized target, helicity 3/2 ((73/2) and helicity 1/2 (cTi/2) cross sections 
can be measured. The knowledge of these cross sections provides again insight 
into the origin of static responses for low energy photon scattering. The GDH 
sum rule connects the anomalous magnetic moment, , with the difference of 
the helicity cross sections: 

= Ji^«..e..o,. = ^GDH (2) 

Due to the only inverse weighting with the gamma energy possible contribu- 
tions from above the second resonance region of the nucleon may contribute. 
The value of kn is well known. However, it is of great interest where the 
strength in the excitation spectrum resides in building up ^Tv-The helicity cross 
sections have been measured at MAMI (200 < E^/MeV < 800) [1] and EISA 
(680 < E^/MeV < 2900) [2]. The cross section, (Ty2iE'^) - f7i/2(^^), differs 
fom the total unpolarized cross section (cr3/2(-E^) + ai/2{E'^))/2 by an almost 
complete suppression of the diffractive processes dominating the total unpolar- 
ized cross section for E^ >- 1200Me\^. Thus the nucleon resonances stand up 
more clearly, up to a visible fourth resonance region. This behaviour of the cross 
sections could have been expected by realizing that the anomalous magnetic mo- 
ment is a C ( charge conjugation) = — 1 quantity whereas the polarizabilities 
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transform like C=l [3]. This makes a difference concerning the couphng of the 
photon to the constituent quarks and the sea quark/meson cloud, respectively. 
For the GDH sum rule the following contributions have been extracted from the 
experiments: MAMI(200 < E^/MeV < 800), Igdh = 226 ± 5 ± 12/i6, EISA 
(800 < E^/MeV < 2800), Igdh = 28.0 ± 2.1{overall). A multipole analysis 
[4] yields for the energy range, El_^^^.^^^^ia < < 2mMeV, Igdh = -27.5/i6. 
Based on Regge extrapolations and fits to deep inelastic electron scattering the 
asymtotic high energy contribution has been estimated to be Igdh = — 15/ife[6]. 
The sum of these contributions adds up to Igdh = 211. 5 fib. The overall uncer- 
tainty amounts to ±6%. Thus, Iqdh agrees quite well with the expected value of 
I'gdh^'^'^ = 205fib. Of great interest are the measurements on the neutron. Mea- 
surements on the deuteron have been carried out on ELSA and MAMI up to 
E^ = IQOOMey. It remains to be seen, how reliable information on the neutron 
can be extracted from these data. With the knowledge of (T3/2 — cri/2 the forward 
spin polarizability 7o can be extracted via the sum rule: 

p _ 1 TOO ^3/2{e'^)-<Ti/2{e'^) ip.' (o\ 

7o - -j^ Ji?,,.,,,,,, ^^7 

The different contributions yield: 

MAMI(200 < E^/MeV < 800), 7^; = - [1.87 ± 0.08(stat) ± Q.l{syst)] ■ IQ-^fm^, 
ELSA (800 < E^/MeV < 2800), 7^ = - [-2.7 ± 0.2(o?;era//)] ■ IQ-'^ fm^. A 
multipole analysis [4] yields for the energy range, El_^^^^^^^i^ < E^ < 200Mey^, 
7o = [0.9] ■ 10~^/m^. The sum amounts to : 7q = — [1 ± 0.1] • 10~^/m^. This value 
poses a challenge for theory. Various recent calculations are at variance with this 
result [5]. 
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Spin Structure of the Nucleon (at low Q^) 
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Recent progress in the development of polarized few-nucleon targets and elec- 
tron beams allows us to perform high precision measurements on the evolution 
of fundamental sum rules related to the spin of the nucleon. During the last 15 
years the main focus of nucleon spin structure studies has been the decomposition 
of the nucleon spin in terms of quarks, gluons, and their orbital angular momenta. 
However, already in the 1960's Drell, Hearn, and Gerasimov derived a very funda- 
mental sum rule which related the difference of the total photon absorption cross 
sections, ai/2 — to the square of the anomalous magnetic moments of the 
nucleon citegdh. Here (T3/2 and (T1/2 refer to the cross sections with the nucleon 
spin aligned parallel or anti-parallel to the spin of the photon. This result can be 
extended using the low energy expansion of the forward scattering amplitudes in 
the long wavelength limit of the photon. The first two orders of this expansion 
for the transverse-transverse and longitudinal-transverse interference amplitudes 
are given in Eqs. (1) and (2): 

Re~9TT{^,Q') = —h{Q^)u + ^o{Q>' + 0{u') (1) 
RegMi^,Q') = ^QI,{Q') + Q6LT{Q'y + 0{u') (2) 

In the ^ limit Ji reduces to the GDH sum rule (oc k,%). 70 (0) describes 
the forward spin polarizability of the nucleon and /3(0) is proportional to cni^n 
(cat being the charge of the nucleon). The quantity 5lt(0) is the longitudinal- 
transverse polarizability. By means of dispersion relations and the optical theo- 
rem the above amplitudes can be related to spin dependent structure functions 
and therefore cross sections [2] . The evolution of these static properties of the 
nucleon is of fundamental theoretical interest, since the low behavior can be 
calculated within the framework of chiral perturbation theory (Ch.P.T.) [3]. 

The first experiments using a polarized electron beam and polarized targets 
at Jefferson Lab focused on the evolutions of the GDH integral for the proton, 
deuteron, and the neutron (^He). CEBAF routinely delivers a polarized beam 
with polarization values of 75% or higher and energies up to 5.7 GeV. In Hall B the 
large acceptance spectrometer, CLAS, was used in combination with dynamically 
longitudinally polarized NHS and ND3 targets to evaluate these integrals from 
TT production threshold to invariant masses, W , up to ~ 3 GeV. Longitudinal 
asymmetries were measured in inclusive electron — proton (deuteron) scattering. 
Fits to world data and models were used for the unpolarized structure functions 



28 



and transverse spin contributions in order to extract the spin structure functions 
Qi'"^ {x , Q"^) . The first moments of gi''^{x,Q'^) were extracted in a range from 
about 0.1 GeV^ to about 3.5 GeV^ [4]. It was found that both, and gf depend 
strongly on Q^. g^ changes sign at a value around 0.3 GeV^ whereas the 
sign change for gf appears to occur between 0.5 GeV^ and 0.6 GeV^. The zero 
crossings of the structure functions are an indication of the transition where non- 
partonic degrees of freedom such as resonances become dominant. Therefore, 
resonance contributions seem to be slightly less important for the proton. 

The high precision data are in nice agreement with chiral perturbation theory 
calculations for values less than 0.2 GeV^. 

Hall A used a dense polarized ^He gas target to measure the generalized GDH 
integral [5], the generalized spin polarizability, and the longitudinal— transverse 
polarizability for the neutron. The spin dependent cross sections were measured 
directly by polarizing the target longitudinally and transversely to the direction of 
the incident beam. Nuclear corrections were applied according to Ref. [6]. Results 
in a range from 0.10 GeV^ to 0.90 GeV^ were presented [7]. The GDH integral 
for the neutron exhibits a strong dependence as well. The MAID model [8] 
underestimates the GDH integral at low values of but describes both, 7o(Q^) 
and (5lt(Q^), quite well. Ch.P.T. calculations are in good agreement with the 
data for the GDH integral and 7o(Q2) for < o.2 GeV^ [3]. 

The combination of the Hall A and Hall B data will allow us to evaluate the 
difference of the first moments rf((5^) — r^(Q^). In the high regime this 
difference is known as the Bjorken sum rule. It has practically no sensitivity to 
sea quarks in the asymptotic limit and is also less sensitive to the A excitation 
in the low regime. Therefore, the comparison of this difference can serve as a 
cruiial test for theoretical calculations. 
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Some highlights of recent experimental results at MAMI-B [1] are presented. 

The neutron electric form factor GE,n has been measured at momentum 
transfers of = 0.30, 0.59, and 0.79(GeV/c)^ in a D{e,e'n)p experiment of 
the Al collaboration, using a spin precession method and neutron recoil po- 
larimetry. Preliminary values of G^.n = 0.0552 ± 0.0061 (stat) ± 0.0055 (syst), 
0.0469 ± 0.0073 (stat) ± 0.0054 (syst)', and 0.047 ± 0.009 (stat)+J;JJJ (syst), have 
been obtained, respectively [2]. 

An extensive programme of charged pion electroproduction off the proton 
has been performed by the Al collaboration. The reaction H(e, e'7r+)?T, has been 
measured at a constant invariant mass of W = 1125 MeV and four-momentum 
transfers of = 0.058, 0.117, 0.195, and 0.273 (GeV/c)^. For each value, 
measurements at different values of e, the virtual photon polarisation parameter, 
allow for a Rosenbluth separation of longitudinal and transverse cross sections. 
Analysis of the data taken in 2000 and 2002 is in progress [3]. 

Threshold production of neutral pions has been measured in an H(e, e'p)n^ ex- 
periment by the Al collaboration at a momentum transfer of = 0.05 (GeV/c)^ 
and e = 0.933. Cross sections of the structure functions ctq, ctlt, ctt, and ctlt' and 
the helicity asymmetry Alt' have been determined [4]. The helicity- independent 
cross sections are described by the MAID 2000 model [5] within their errors. 
The magnitude of the transverse-transverse part is significantly overestimated by 
ChPTh [6]. 

The A2 collaboration used the DAPHNE detector to measure the helicity 
dependent exclusive cross sections for the absorption of polarised photons by 
longitudinally polarised nucleons. The cross section integral of the Gerasimov- 
Drell-Hearn sum rule from 200 to 800 MeV was calculated from the data as 
Ip^^ = (—226 ± 5 (stat) ± 12 (syst)) /ib [7]. After a correction for the miss- 
ing region below 200 MeV and by including ELSA data above 800 MeV [8], a 
value of Jp^°H = (-227.5 ± 5 (stat) ± 12 (syst) ± 3 (theo)) /ib is obtained. 

The A2/TAPS collaboration determined the E2 amplitude of the — + A 
transition in an H(7, 7r^)p experiment using linear polarised photons in the energy 
range from 200 to 790 MeV. At the position of the A resonance, = 340 MeV, 
a preliminary value of Rem = (-2.40 ± 0.16 ± 0.24) ■ 10"^ is obtained [9]. This 
is in agreement with a previous A2/DAPHNE measurement [10]. 

The reaction H(7,p7r°7') has been measured by the A2 collaboration with the 
TAPS calorimeter for energies between ^/s = 1221 and 1331 MeV. Cross sections 
differential in angle and energy have been determined for all particles in the final 
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state in three bins of the excitation energy. A value for the magnetic dipole 
moment of the A"^(1232) resonance of 2.7+J3 (stat)±1.5 (syst)±3 (theo) nuclear 
magnetons has been extracted for the first time [11]. 

Parity violating electron scattering by the A4 collaboration using counting 
techniques gives access to the strange vector form factors of the nucleon. A pre- 
liminary value of v4phys = (—5.6 ± 0.6 ± 0.2) ■ 10~^ corresponding to a strange 
quark contribution of Aphyg — ^0 = (0.9 ±0.7) ■ 10"^ has been extracted at a beam 
energy of 854.3 MeV, based on 4.6 ■ 10^^ events [12]. Analysis of data taken at 
570.1 MeV is in progress. 
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The CELSIUS accelerator and storage ring at the The Svedberg Laboratory in 
Uppsala is used for hadron physics research in the GeV region. The programme 
includes production and decay of vr and t] mesons in light ion collisions at the 
WASA An detector facility [1]. 

The CELSIUS ring provides protons of kinetic energies up to 1360 MeV. For 
proton energies up to 500 MeV, electron cooling can be used, and this gives 
a beam size around 1 mm and a relative momentum spread down to the 10~^ 
region. 

The recently developed pellet-target system provides small spheres of frozen 
hydrogen as internal targets. This allows high luminosity and high detection 
coverage for meson decay products like photons, electrons and charged pions. 
The target system is now operating close to design performance with hydrogen 
pellets having a diameter of about 25 micron, a speed of 80 m/s and occuring at 
a rate of up to 15000 pellets/s. The pellets are guided 2.5 m in a thin tube to 
the CELSIUS beam and then further to a dump. The pellet beam diameter at 
the interaction region is 2-3 mm. 

Deuterium pellet generation has been tested successfully at different occasions 
and now a useful deuterium pellet beam will be developed using a separate test 
station that is being prepared. 

The pellet target is integrated in the WASA Air detector facility. WASA 
consists of a forward part for measurements of charged target-recoil particles 
and scattered projectiles, and a central part designed for measurements of the 
meson decay products. The forward part consists of eleven planes of plastic 
scintillators and of proportional counter drift tubes. The central part consists of 
an electromagnetic calorimeter of CsI(Na) crystals surrounding a superconducting 
solenoid. Inside of the solenoid are placed a cylindrical drift chamber and a barrel 
of plastic scintillators. 

Initially, production of 77s and multiple vrs in pp collisions have been mea- 
sured. The two-pion production studies started in the mid nineties at the CEL- 
SIUS cluster-jet target [2] have been repeated and extended to higher energies 
exploiting the much larger acceptance at WASA, in particular for the 27r° channel. 
Data from threshold up to excess energies, Q, around 100 MeV are well described 
by model calculations [3] involving heavy meson exchange and excitation of the 
iV*(1440) Roper resonance. At the highest CELSIUS energies, with Q above 200 
MeV, a preliminary analysis shows that data rather follow flat phase space than 
simple expectations for a dominant mechanism based on A^* or AA excitations. 
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At the highest energies, data on r/ — 77 and 77 37r° are regularly collected 
for control and development of detector performance. These data are also being 
analysed for detailed studies of 77 production mechanism. The 77 —>■ Sir^ channel 
turned out to be cleaner than expected for the pp reaction. The pp pp3n^ 
prompt production has not been measured in this energy region. By assumimg 
flat phase space distributions we obtain an upper limit of 1 /ibarn for the total 
cross section at 1360 MeV. 

The experiment is being developed for studies of 77 charged-particle decays 
with a flnal goal to measure rare decays. Deuterium pellets as a target will allow 
very clean tagging of rjs in the pd — >^He7/ reaction at threshold. It will also allow 
studies of meson production in pd, dd and other reactions, one of special interest 
being the quasi-free pn reaction. 
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Current and future experiments on the semileptonic decays of kaons and pions 
are already sensitive to the following subleading effects: 

• strong contributions of order 

• isospin- violation of order {md — mu)p'^, e^p^ generated by the mass difference 
of the light quarks and by electromagnetism 

All these contributions are of comparable size and have to be included in an 
up-to-data analysis. The appropriate theoretical framework is provided by chiral 
perturbation theory with virtual photons and leptons [1] . This effective quantum 
field theory describes the interactions of the pseudoscalar octet, the photon and 
the light leptons at low energies and allows a comparison of experimental data 
with the predictions of the standard model. So far, this machinery has been 
applied to the following problems: 

• i^fs form factors including electromagnetic contributions to order e^p^ [2] 

• numerics of i^ij [2] and K^.^ to 0{p^ , {rrid — mu)p^, e^p^) [3] 

• pionic beta decay [4] 

The extraction of the CKM matrix element \Vus\ from /{"^ decay data may 
serve as an illustration. The relevant formula is given by [2] 



^ , .5/2^1/2, .;^+^0,„^,w, ^-,,n- V-L; 



Theory has to provide the form factor at zero momentum transfer including all 
contributions up to (m^ — m„)j9^, e^p^) [3]: 

/:[^+-°(0) = 1.002 ±0.010. (2) 

The error is largely dominated by the uncertainty of the 0{p^) contribution [5]. 
The application of Eq. (1) requires a consistent treatment of rleal photon emis- 
sion in (experimental input) and in the phase space integral /(A+). 
A possible choice is to accept all pion and positron energies in the whole K'^^ 
Dalitz plot without any further cut on the photon energy. In this case, radiative 
corrections reduce /(A+) by 1.27%. 



34 



Recently, a new high statistics measurement of the K^^ branching ratio has 
been performed by the E865 Collaboration at Brookhaven [6]. Their analysis 
of more than 70,000 K^^ events yielded a branching ratio which was about 2.3a 
larger than the current value of the Particle Data Group (PDG 2002). If the E865 
result can be confirmed, the CKM unitarity puzzle would be resolved. Inserting 
the E865 rate in Eq. (1) gives [3] 

iKsl = 0.2238 ±0.0033 (3) 

being in good agreement with the unitarity of the first row of the CKM matrix: 

iKdl' + iKsP + \Vub\^ - 1 = -0.0024 ± 0.0032. (4) 

It should be noted, however, that the E865 result does not only differ from 
older i^ij data but is also inconsistent with the present K^^ rate given by PDG 
2002 (based again on very old and imprecise data). We propose [3] a rather 
powerful consistency check of present and future high-precision K^^ and K^^ data 
by considering the ratio 

r+0 = /r^\0)//f-(0). (5) 

This quantity is largely insensitive to the dominating theoretical uncertainties, 
in particular the contributions of order p^. The theoretical prediction [3] 

r% = 1.022 ± 0.002 - WnaXi (6) 

depends only on the (unknown) electromagnetic low-energy coupling Xi [1]. Al- 
ready simple dimensional analysis {\Xi\ < l/(47r)^) confines r+o to a rather nar- 
row band leading to a stringent test for the observable quantity 

cxp_/2r(ir+(^))M|o/Ko\V2 



(7) 
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The Anomalous Magnetic Moment of the Muon 
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Over the last few years, the experimental situation concerning the measure- 
ment of the anomalous magnetic moment of the muon has witnessed tremendous 
improvements. The present world average 

aJJ = 11659 203(8) [0.7ppm], (1) 

is dominated by the latest result from the Brookhaven E821 experiment [1]. This 
situation has triggered a lot of theoretical activity devoted to the evaluation of 
the muon g-2 in the standard model, as well as to the contributions of possible 
degrees of freedom beyond the standard model. Within the standard model, 
the contributions to ai, i = e^,/i^,r^, are conveniently decomposed as af^ = 
^QED _|_ ^had _|_ ^weak^ rjj^^ g^^^ contribution arises from loops containing virtual 

leptons and photons only. Including also quark and gluon loops induces the 
hadronic part a^'^'^. Finally, the remaining degrees of freedom of the standard 
model, neutrinos, electroweak gauge bosons, are responsible for the last piece, 

-^wcak 

The contributions to have been computed analytically up to three loops 
(for references, and for an introduction to the subject, see [2]). The four loop 
contribution has been evaluated numerically, while the five loop contribution in 
the muon case is an estimate only. The results 

= 0.5(f) - 0.32847844400(f) V 1.181 234017(f)^- 1.7502(384)(f)^ 
flQ™ = 0.5 (f) + 0.765 857 399(45) (f ) ^ + 24.050 509 5(2 3) (f )^ 

+125.08(41)(f)' + 930(170)(f)' (2) 

include the recent reevaluation of the four loop calculation [3], which affects 
^QED^ but only marginally a|^™. Using the comparison between the calculation 
of af^ and the experimental value = 11596 52188.3(4.2) [3.7 ppb] in order 
to obtain a determination of the fine structure constant a, then yields a^^° = 
11658 470.35(28) x 10"^°. 

Present limitations in the standard model evaluation of come from the 
presence of hadronic contributions which involve the low energy region. These can 
be decomposed into leading and next-to-leading hadronic vacuum polarization, 
denoted as a^^'^ and ajj^^'^, respectively, and hadronic light-by-light scattering, 
^hLxL rjj^g evaluation of the latter relies on specific models, and the present 
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situation is summarized by a^^^^ = +8(4) x 10^^*^, where the error reflects a 
conservative estimate of the model dependence. In the case of a^^'^, a data 
based evaluation is possible, using measurements of the cross section for e^e~ —>■ 
hadrons and/or of the hadronic decays of the r. A new analysis [4] of the CMD-2 
data for e~^e" ir'^iT" , which give the most important contribution, has resulted 
in several recent ree valuations, a^^'P'^e+e-) = 696.3(7.2) x 10"^° [5], 691.8(6.1) x 
10~^° [6], and 694.8(8.6) x 10~^° [7]. While these values are quite compatible, their 
average gives aJj,^P'^(e"'"e~) = 694.3(7.5) x 10"^'', they still show a noticeable and 
puzzling discrepancy with the evaluation obtained using the r data, o}^P'^{t) = 
711.0(5.8) X 10~^° [5]. Adding the remaining pieces (see references in [2]), a|^^P'^ = 
-10.0(0.6) X 10~^°, aj^""^^ = +15.4(0.3) x 10"^°, one arrives at the standard model 
value (the errors are associated to vacuum polarization, hadronic light-by-light 
scattering, and to QED and weak contributions, respectively) 

aj^(e+e") = 11 159 178.1 ± 7.5 ± 4.0 ± 0.4 (3) 

if only e~^e~ data are used, or 

a™(r) = 11 159 194.8 ± 5.9 ± 4.0 ± 0.4 (4) 

if the r data are used at low energies. The deviation with respect to the ex- 
perimental value (1) amounts to 2.2o" or 0.8a, respectively. Excluding further 
problems with the data analyses, the only possibility to explain the difference be- 
tween the e~^e~ and the r based evaluations seems to be unaccounted for isospin 
violating corrections. The last paper of [7] presents an interesting discussion in 
this respect. Future data from KLOE or BABAR will also be helpful. 
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Nearly fifty years ago, Deser et al. [1] derived the formula for the width of pionic 
hydrogen at leading order in isospin symmetry breaking. Similar formulas also 
hold for pionium and the t[~K^ atom, which decay predominantly into 27r'0 and 
TT^K^ , respectively. These Deser-type relations allow to extract the scattering 
lengths from measurements of the decay width and the strong energy shift. The 
DIRAC collaboration at CERN [2] aims to measure the pionium lifetime to 10% 
accuracy which allows to determine the S-wave tttt scattering lengths difference 
Ioq — OqI at 5% precision. The experimental result can then be confronted with 
the very precise theory prediction Oq — Cq — 0.265 ± 0.004 [3]. Particularly 
interesting is that one may determine in this manner the nature of the SU(2)x 
SU(2) chiral symmetry breaking in QCD by experiment. In a new experiment on 
pionic hydrogen at PSI [4], the pionic hydrogen collaboration plans to measure 
the strong energy shift of the ground state at 0.2% and the decay width at 1% 
accuracy. In principle, the nN scattering lengths can then be extracted from 
data on pionic hydrogen alone. Finally, the DEAR collaboration [5] will measure 
the strong energy shift and decay width of the Is state in kaonic hydrogen and 
kaonic deuterium. 

In order to determine the scattering lengths from these precision measure- 
ments, the theoretical expressions for the decay width and the strong energy 
shift must be known to an accuracy that matches the experimental precision. 
The non-relativistic effective Lagrangian framework has proven to be the most 
efficient method to investigate bound-state characteristics [6]. In particular, this 
technique allows one to evaluate the higher order corrections to the Deser-type 
formulae. In the following, we present the result for the decay width of the ti~K^ 
atom at next-to-leading order in isospin symmetry breaking. The non-relativistic 
ttK Lagrangian provides a systematic expansion in powers of the isospin break- 
ing parameter 5, where both the fine-structure constant a and the quark mass 
difference — md count as order 5. The result for the width of the ground state 
of the Ti'K^ atom at order 5^^^ yields. 
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Here /i+ denotes the charged reduced mass and the meson mass differences read 
= Ml+ - M^o, = - M^o- The quantity ReA°°;^ is determined 

as follows. One evaluates the relativistic 7r~K~^ — > ir^K^ amplitude at order 
6 near threshold, see Refs. [7,8] and removes the infrared- divergent Coulomb 
phase. The real part of this matrix element contains a singularity ~ l/|p| 
threshold (p denotes the center of mass momentum of the charged pion and 
kaon). The constant term in the threshold expansion corresponds to Rey4°||^^. 
Further, the normalization of A is chosen such that in the isospin symmetry 
limit it coincides with the isospin odd scattering length Oq . The isospin even 
and odd irK scattering lengths^ Og and Og are defined in QCD at m„ = nid and 
= M^+, Mk = Mk+. 
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The 7r~^TT~ atom or A2tt is a hydrogen-like atom consisting of vr"^ and vr" 
mesons. This atom decays predominantly by strong interaction into 7r°7r°. Hence 
the lifetime is in good approximation inversely proportional to the squared 
difference between the S-wave vrvr scattering lengths for isospin and 2, |ao — a2|. 
This value is predicted in chiral perturbation theory (ChPT). An experimental 
determination of the A2tt atom lifetime provides a possibility to check predictions 
ofl ChPT in a model-independent way. 

Using ChPT at next-to-leading order in isospin breaking the A2tt lifetime is 
predicted to be [1]: r = (2.9 ±0.1) • 10~^^s. A lifetime measurement with 10% 
accuracy allows to determine the above tttt scattering length difference at 5%. 

The 7r+7r~ atoms are produced by Coulomb interaction in the final state of 
vr+TT" pairs generated in proton-target interactions [2,3]. After production these 
atoms travel through the target and some of them are broken up due to their 
interaction with matter: "atomic pairs" are produced, characterized by small pair 
cm. relative momenta Q < 3 MeV/c. These pairs will be detected in the DIRAC 
setup. Other atoms annihilate into tt^tc^. The amount of broken up atoms ua 
depends on the lifetime which defines the decay rate. Therefore, the breakup 
probability is a function of the A2n lifetime. 

In addition, the proton-target interaction produces tt'^it^ pairs with Coulomb 
("Coulomb pairs") and without Coulomb final state interaction. The latter cat- 
egory includes pion pairs with one pion from the decay of long-lived resonances 
("non-Coulomb pairs") as well as two pions from different interactions ("acci- 
dental pairs"). "Coulomb" and "non-Coulomb pairs" together are the so-called 
"free pairs". The total number of produced atoms (Na) is proportional to the 
number of "Coulomb pairs" (N^) with low relative momenta {Na = K ■ N^). 
The coefficient K is precisely calculable. 

DIRAC aims to measure the breakup probability: Pbr(T) is defined as 
ratio of the observed number ua of "atomic pairs" to the number A^^ of produced 
vr+TT" atoms calculated from the measured number of "Coulomb pairs" . 

The purpose of the DIRAC setup at the CERN PS is to record tt+tt" pairs 
with small relative momenta [4]. The 24 GeV proton beam hits a thin target 
(typically 100 fim thick Ni foil). Emerging n~^TT~ pairs travel in vacuum through 
the upstream spectrometer part with coordinate and ionisation detectors, before 
they are split by the 2.3 Tm bending magnet into the "positive" and "negative" 
arm. Both arms are equipped with high precision drift chambers, time of flight 
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detectors, cherenkov, preshower and muon counters. The relative time resolution 
between the two arms is around 180 ps. 

The momentum reconstruction makes use of the drift chamber information of 
the two arms as well as of the measured hits in the upstream coordinate detectors. 
The relative momentum resolution for Qx and Qy is estimated to be 0.4 MeV/c, 
whereas the Ql resolution is 0.6 MeV/c. A system of fast trigger processors 
selects low Q events. 

In the analysis the signal extraction of "atomic pairs" from A2Tr ionisation 
takes advantage of the specific signature of such events, namely time-correlation 
and very small relative momenta. After rejection of electrons and muons and 
subtraction of "accidental pairs", the reduced sample of time-correlated low Q 
events consists of "atomic" and "free pairs" only. The number of "atomic pairs" 
is found directly from the excess of ti^tt~ pairs with very low relative momenta 
(Q < 3 MeV/c or \Ql\ < 1-5 MeV/c) relative to the expected number of "free 
pairs" simulated using "accidental pairs". Such a IQ^I-distribution of vt+tt^ pairs 
from nickel data in 2001 is shown (Fig. left). A preliminary analysis of this data 
sample leads to a breakup probability of Pbr(T) = 0.46 with a statistical error of 
9%. There are also systematic errors due to the accuracy in describing multiple 
scattering in the target, membranes and detector planes and also in describing 
detector responses. Exploiting the dependence of the breakup probability on 
lifetime (Fig. right) a preliminary estimate for the vt+tt" atom lifetime yields 
r = [3.lto^j{stat) ± l{syst)] ■ lO^^^s. 

Up to now DIRAC has extracted more than 12000 "atomic pairs" and hence 
will be able to improve substantially the lifetime measurement. 
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PSI Results from Hadronic Atoms 

Detlev Gotta 
Forschungszentrum Jiilich, D-52425 Jiilich 

In pionic hydrogen (vrH) the hadronic interaction manifests itself by a change 
of the energies and of the natural line width of K X-rays as compared to a purely 
electromagnetically bound atomic system. Measurement of ground-state transi- 
tions allows the determination of the ttN s-wave interaction, which is described by 
the isoscalar and isovector scattering lengths and a~ [1,2,3]. In addition, from 
the line broadening Fi^, which depends only on a~, the vrN coupling constant can 
be extracted by the Goldhaber-Miyazawa-Ohme sum rule [4]. 

To improve on the accuracy achieved by previous measurements [5], a thor- 
ough study of the atomic cascade is essential. For that purpose, a first series 
of measurements has been completed by the new pionic-hydrogen experiment 
at the Paul-Scherrer-Institut (PSI R-98.01 [6]), using the new cyclotron trap, 
a cryogenic target, a Bragg spectrometer equipped with spherically bent silicon 
and quartz crystals and a large-area CCD array. Data analysis is in progress. 

Except radiative decay, de-excitation during the atomic cascade is due to 
collisions of the vrH system with other atoms of the target, which leads to density 
effects because of different collision probabilities. In order to identify radiative de- 
excitation of the vrH atom - when bound into complex molecules formed during 
collisions Ti~p + H2 [{pp'K~)p]ee [7] - the energy of the 7rH(3p-ls) transition 
was measured at various target densities corresponding to a pressure range from 
3.5 bar to liquid. X-ray transitions from molecular states should then show up 
as low-energy satellites with density dependent intensity. The new data do not 
show any density effect and, consequently, the measured line shift eu can be 
attributed exclusively to the strong interaction. The value of ei^ = 7.120 ± 
0.013 eV was found to be in good agreement with the result of the previous 
experiment. Precision was improved by more than a factor of two [8,9]. 

At present, the accuracy for Fi^ (7%) is limited by the not sufficiently well 
known correction for the Doppler broadening of the X-ray lines [5] . The broad- 
ening is caused by conversion of de-excitation energy into kinetic energy during 
collisions (Coulomb de-excitation) [10]. For that reason the precisely measured 
Is-level shift in pionic deuterium was used together with the shift of hydrogen in 
the determination of the ttN scattering lengths [11]. This procedure, however, re- 
quires a sophisticated treatment of the 3-body system ttD. In addition, up to now 
it cannot be excluded that the radiative decay channel after molecule formation 
is strongly enhanced in deuterium compared to hydrogen. 

To study the influence of Coulomb de-excitation on the cascade, the three 
transitions 7rH(2p-ls) (2.4 keV), 7rH(3p-ls) (2.9 keV) and 7rH(4p-ls) (3.0 keV) 
were studied at a target density equivalent to 10 bar. An increase of the line 
width was found for the (2p-ls) line compared to the (3p-ls) transition, which 
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is attributed to the higher energy release available for the acceleration of the 
vrH system. This result is corroborated by a reduced line width of the (4p-ls) 
transitionl [8,9]. The response of the crystal spectrometer was obtained here 
from the 7r^^C(5g-4f) line (3.0 keV), which is negligibly narrow compared to the 
experimental resolution. From the (4p-ls) line width, a safe upper limit for the 
Is-level broadening of Fi^ < 850 meV is extracted, which is smaller than the 
result of [5] but still consistent within the errors. 

For further improvement. Coulomb de-excitation must be studied in more 
detail. For this reason a second series of measurements is foreseen starting with 
a high statistics study of ground-state transitions from muonic hydrogen (/iH), 
where no strong-interaction effects occur. Beforehand, the crystal resolution 
function, which has to be known with better accuracy than available from a 
ttC spectrum, will be determined with X-rays emitted from helium-like argon, 
ionised by means of an electron-cyclotron resonance ion trap (ECRIT) presently 
set up at PSI[13]. With that, studies of the Bragg crystals can be performed 
with the neccessary statistics within a reasonable time scale. The /xH experiment 
will then be followed by a remeasurement of vrH with high statistics. 

With the detailed knowledge of the crystal response together with a newly 
developed cascade code [12], which includes the velocity development during the 
atomic cascade, a sufficiently accurate correction for the Doppler broadening in 
pionic hydrogen should be achievable to extract Fi^ at the level of about 1%. 
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The Chiral Unitary Approach 
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The effective field theory of low energy QCD is Chiral Perturbation Theory 
(CHPT). It is a perturbative expansion in powers of the external fourmomenta of 
the pseudo-Goldstone bosons (the canonical ones being the pions) over a typical 
hadronic scale, Mp ~ 47r/7r — 1 GeV. Nevertheless, even at low energies there 
are several examples where such perturbative procedure cannot be applied or the 
convergence is very slow. The most important ones are the S- waves corresponding 
to low energy isosclar pion-pion interactions, KN scattering close to threshold or 
nucleon-nucleon interactions. In all the three cases, its non-perturbative nature 
originates from large unitarity corrections that, indeed, give rise to the appear- 
ance of poles in the physical amplitudes: the broad a resonance with a mass 
around 450 MeV, the A(1405) in KN , the deuteron in ^5*1 and an antibound 
state in ^5*0 just below threshold in A^A^. Such large unitarity corrections are 
due to numerical enhancements in tttt scattering [1] and to the large kaon and 
nucleon masses in KN and A^A^, see ref . [2] . In the last case, there is also a prob- 
lem associated with the unnatural values of the S-wave A^A^ scattering lengths, 
much larger than the inverse of the pion mass. On the other hand, CHPT can 
only be used for rather low energies, although the chiral constraints are beyond 
the pure perturbative regime since they constitute Ward identities that must be 
satisfied by the Green functions at any energy. It should be then interesting to 
dispose of parameterizations valid for higher energies that could apply the chi- 
ral constraints in a large energy window, e.g. from threshold up to around 2 
GeV in meson-meson, where one could try to match with perturbative-|-OPE of 
QCD. When going to higher energies, apart from the right hand cut (unitarity 
corrections) one should also face the appearance of preexisting resonances (that 
is, resonances that are not due to the meson-meson self interactions), e.g. the 
p(770) in P-wave tttt scattering, the A(1232) in vrA^ P-waves, etc. Of course, 
these resonances also contribute to other partial waves but not through their 
direct exchanges in the s-channel but because of their exchanges in the crossing 
ones. These facts can be included systematically through the so called Chiral 
Unitary Approach (UCHPT) [3,4,1]. The general idea is to match algebraically 
the general expression of a partial wave amplitude, or the one of a production 
process (e.g. a form factor), that takes into account the right hand cut to all 
orders, with the perturbative expression from CHPT (or alike chiral effective 
field theories like Heavy Baryon CHPT, Kaplan-Savage- Wise counting, etc). The 
simplest way to proceed is by performing a dispersion relation for the inverse of 
the T matrix, since unitarity requires above threshold that ImT^J^ = —piSij with 
Pi = 6{s — Sth) Q'/87ry^ . Then, performing a dispersion integral along this cut 
one has, 

^ V ' 

g{s)i: single unitarity bubble 
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thus T = [l/R + g]~ , where g{sQ)i is a subtraction constant and 1/R is the 
remnant not fixed by the right hand cut. The next step is to fix the unknown input 
R, or interaction kernel, by matching algebraically with the effective field theory 
calculation of T. E.g. if we know T = T2 + T4 + 0{p^) for meson-meson scattering 
then taking g naturally as order one has, R2 = T2 , R4 = T4 — T2gT2 , and so 
on. In this way, the interaction kernel R is fixed order by order with increasing 
precision, with the advantage that eq.(l) can be also applied when the interactions 
between the hadrons are not perturbative. The perturbation is now performed 
on R, instead of directly on T, because the latter is affected by the large unitarity 
corrections. In addition, since many of the effects that limit a straightforward 
application of CHPT to higher energies are overcome with this procedure, because 
unitarity is fulfilled to all orders and explicit resonances can also be included as 
part of R, then this scheme is also applicable to increase the energy range where 
chiral Lagrangians can be applied. An analogous expression to eq.(l) can also be 
derived for production mechanisms [5] Many applications of the UCHPT can be 
found in the literature in meson-meson, meson-baryon [6] and baryon-baryon [3] 
scattering. Its repercussion in the strong interacting S-waves for all the previous 
scattering processes has been particularly important and clarifying, providing a 
reliable and systematic way of procedure for these particularly problematic waves, 
out of the range of standard vector meson like models for scalars, naive quark 
models and straightforward applications of large Nc QCD insights. Furthermore, 
it has also provided the necessary final(initial) state corrections to production 
mechanisms, e.g. (j) decays, 77 fusion into two mesons, production of exotic 
resonances, J/\E' decays, electromagnetic interactions of meson and baryons [7]. 
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In the past decade chiral EFT has been applied by several groups to study 
the properties of few-nucleon systems based on the original idea of Weinberg [1], 
see [2] for a recent review. It is of utmost importance for all these applications 
to verify the convergence of the low-momentum expansion. As pointed out by 
Kaiser et al. [3], nucleon-nucleon peripheral scattering provides an excellent 
ground to test the convergence of the chiral expansion. Indeed, the high angular 
momentum scattering states are dominated by the long-range part of the nuclear 
force, where chiral dynamics is important. For example, no short-range contact 
interactions (with, in general, unknown coupling constants) contribute to D- and 
higher partial waves at next-next-to-leading order (NNLO), which allows for 
parameter-free calculations. In addition, the interaction between two nucleons 
becomes weak due to the centrifugal barrier, so that the S-matrix can be obtained 
using perturbative methods. It was found in [3] that the subleading two-pion 
exchange (TPE) contribution, which arises at NNLO and depends on the low- 
energy constants (LECs) 01^3^4 shows unphysically strong attraction already at 
intermediate distances, if the values for these LECs are taken from pion-nucleon 
scattering. This results in strong disagreement between theoretical predictions 
and the data for Ei^h > 50 MeV (E'lab > 150 MeV) for D- (F-) waves and might 
therefore indicate problems with the convergence of the chiral expansion, see also 
[4] for more discussion. 

In [5] we have investigated the origin of the unphysical attraction of chiral 
TPE and proposed a new regularization scheme for calculating pion loop in- 
tegrals, which allows to improve the convergence and is closely related to the 
long-distance regularization method applied in baryon SU(3) chiral perturbation 
theory [6]. The proposed scheme makes use of the spectral function representa- 
tion of the TPE potential 

vto)=^r*A-^. (1) 
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where the spectral function p(/i) can be obtained via p(/i) = ^3 [1^(0"^ — ifi)]. In 
[5] we have demonstrated that the short-range high-/i components of the TPE 
spectral function calculated using dimensional regularization (DR) or infinite 
momentum cut-off regularization start to dominate the potential already at in- 
termediate distances. For example, the dominant contributions to the isoscalar 
central part at distances r ~ arise from the region fi ~ 600 MeV. Chiral 
EFT predictions for the spectral function can hardly be expected to converge for 
such and larger values of fi. These spurious short-range components picked up 
in DR or equivalent regularization schemes have been shown to be responsible 
for the unphysical behavior of the subleading chiral TPE potential. 

Following the lines of [6], the convergence of the chiral expansion can be 
greatly improved by keeping only truly long-distance portion of the pion loop 
integrals. This has been achieved introducing the finite cut-off A in the spectral 
function representation eq. (1). The results for nuclear forces obtained using the 
new regularization scheme are equivalent to the DR ones modulo an infinite set 
of higher-order contact interactions (this holds true if one uses a sharp cut-off). 
Both regularization schemes thus lead to exactly the same result for observables 
provided one keeps terms in all orders in the EFT expansion. 

The new regularization scheme has been successfully applied to the two- 
nucleon scattering problem at NNLO [5,7]. Extensions to N^LO [8] and to systems 
with more than two nucleons are underway. 

References 

[1] S. Weinberg, Phys. Lett. B 251 (1990) 288; Nucl. Phys. B 363 (1991) 3. 
[2] P.F.Bedaque, U. van Kolck, Ann. Rev. Nucl. Part. Sci. 52 (2002) 339. 
[3] N. Kaiser, R. Brockmann, W. Weise, Nucl. Phys. A625 (1997) 758. 
[4] E. Epelbaum et al., Eur. Phys. J. A15 (2002) 543. 

[5] E. Epelbaum, W. Glockle, and U.-G. MeiBner, Eur. Phys. J. A (2003) in 
press. 

[6] J.F. Donoghue, B.R. Holstein, and B. Borasoy, Phys. Rev. D59 (1999) 
036002. 

[7] E. Epelbaum, W. Glockle, and U.-G. MeiBner, nucl-th/0308010, to be pub- 
lished in Eur. Phys. J. A. 

[8] E. Epelbaum, W. Glockle, and U.-G. MeiBner, in preparation. 



47 



Limit Cycle Physics 



H.-W. Hammer^ 

^Universitiit Bonn, Helmholtz-Institut fiir Strahlen- und Kernphysik (Theorie), 
Nussallee 14-16, 53115 Bonn, Germany 

The development of the renormahzation group (RG) has had a profound effect 
on many branches of physics. Its successes range from explaining the universality 
of critical phenomena in condensed matter physics to the nonperturbative for- 
mulation of quantum field theories that describe elementary particles. The RG 
can be reduced to a set of differential equations that define a flow in the space of 
coupling constants. Scale-invariant behavior at long distances, as in critical phe- 
nomena, can be explained by RG flow to an infrared fixed point. Scale- invariant 
behavior at short distances, as in asymptotically-free field theories, can be ex- 
plained by RG flow to an ultraviolet fixed point. However, a fixed point is only 
the simplest topological feature that can be exhibited by a RG flow. Another 
possibility is a limit cycle, which is a 1-dimensional orbit that is closed under the 
RG flow. The possibility of RG flow to a limit cycle was proposed by Wilson in 
1971 [1]. However, few physical applications of RG limit cycles have emerged. 

In 1970, Eflmov discovered a remarkable effect in the 3-body sector for nonrel- 
ativistic particles with short-ranged S-wave 2-body interactions [2]. The strength 
of the interaction is governed by the scattering length a. Eflmov showed that if 
|a| is much larger than the range Tq of the interaction, there are shallow 3-body 
bound states whose number increases logarithmically with |a|/ro. In the limit 
a — > ±oo, there are inflnitely many shallow 3-body bound states with an accumu- 
lation point at the 3-body scattering threshold. The ratio of the binding energies 
of successive states rapidly approaches the universal constant Aq ~ (22.7)^. 

The Eflmov effect was revisited by Bedaque, Hammer, and van Kolck within 
the framework of effective fleld theory (EFT) [3]. The nonperturbative solu- 
tion of the EFT in the 3-body sector can be obtained by solving integral equa- 
tions numerically. These integral equations have unique solutions only in the 
presence of an ultraviolet cutoff A. The resulting predictions for 3-body ob- 
servables, although flnite, depend on the cutoff and are periodic functions of 
ln(A). In Ref. [3], it was shown that the EFT could be fully renormalized to 
remove the residual dependence on A in the 3-body sector by adding a 3-body 
interaction term (yf3(A)(?/'*?/;)^ to the effective Lagrangian [3]. The dependence 
of 3-body observables on the cutoff decreases like 1/A^ if 5'3(A) oc if(A)/A^, 
where i^(A) = cos[so ln(A/A*) + arctan(so)]/ cos[so ln(A/A*) — arctan(so)] with 
So ~ 1.006. With this renormahzation, 3-body observables have well-deflned lim- 
its as A —> oo, but they depend on the parameter A^. introduced by dimensional 
transmutation. Since H{A) is a periodic function of ln(A), the renormahzation 
of the fleld theory involves a limit cycle. This contact EFT has also been applied 
to the 3-nucleon problem [3]. The success of this program suggests that physical 



48 



QCD is close to an infrared limit cycle. 

We conjecture that QCD can be tuned to the critical RG trajectory for an 
infrared limit cycle by adjusting the up and down quark masses and rrid 
[4]. Our argument is based on recent work in which an EFT with explicit pions 
was used to extrapolate nuclear forces to the chiral limit of QCD [5,6]. In this 
limit, the masses and of the up and down quarks are zero and the pion 
is an exactly massless Goldstone boson associated with spontaneous breaking 
of the chiral symmetry of QCD. According to these chiral extrapolations, the 
small binding energy 2.2 MeV of the deuteron is a fortuitous consequence of the 
physical values of m„ and m^. When extrapolated farther from the chiral limit to 
slightly larger pion masses, the deuteron's binding energy decreases to zero and 
then it becomes unbound. In this region, the inverses of both the spin-singlet 
and spin-triplet scattering lengths l/a., and 1/aj are close to zero [5,6]. 

In the next-to-leading order chiral extrapolation of Ref . [6] , only quark mass 
dependent operators proportional to rriu + md enter. The extrapolation in 
can be interpreted as an extrapolation in the sum m„ + m^, with m„ — held 
fixed. Changing m„ — changes the degree of isospin-symmetry breaking. 
Since and at correspond to different isospin channels, they respond differently 
to changes in m„ — m^. Therefore it may be possible by tuning both m„ and 
to make 1/at and 1 /a^ vanish simultaneously. This point corresponds to a critical 
RG trajectory for an infrared limit cycle. At this critical point, the triton has 
infinitely-many increasingly-shallow excited states with an accumulation point 
at the 3-nucleon threshold. The ratio of the binding energies of successively 
shallower states rapidly approaches a constant Aq close to 515. This opens the 
exciting possibility of observing an RG limit cycle in QCD using a combination 
of lattice QCD and chiral EFT. 

This talk is based on work done in collaboration with P.F. Bedaque, Eric 
Braaten, and U. van Kolck. 
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Nuclear Electroweak Processes in Effective Field Theories 

Jiunn-Wei Chen 

Department of Physics, National Taiwan University, Taipei 10617, Taiwan 

In this talk, I review some selected topics in nuclear electroweak processes 
using effective field theories (EFT), including applications in astrophysics, nu- 
cleon property extractions from nuclear systems and some applications in parton 
physics. 

In nuclear astrophysics, EFT was applied to several very low energy processes 
such that pions can be treated as heavy particles and integrated out. In Big 
Bang Nucleosynthesis (BBN), the np d'-f cross section is an important input 
contributing the largest uncertainty to the primordial abundance rate of ^Li. 
Using EFT, the theoretical uncertainty is reduced to 1% [1] in the energy range 
relevant to BBN. The EFT predictions also agree with a very recent measurement 
of the inverse process in the same energy region [2]. 

The same theory is also applied to neutrino-deuteron breakup processes which 
are important inputs for the measurement of solar neutrino flux at Sudbury Neu- 
trino Observatory (SNO). However, there was no precise, direct measurement for 
those cross sections and two state of the art potential model calculations differ 
by 5-10%. Using EFT, this difference was successfully described by a parameter 
Li^A, which is an axial two-body current encoding the unknown short distance 
physics [3]. Since Li ^ is the only unknown parameter that appears in all the low 
energy weak interaction deuteron breakup process at the next-to-next-to-leading 
order, any weak deuteron breakup measurement will constrain Li^a- By now, sev- 
eral independent constraints on Li^a have been obtained with consistent results 
(see [4] for a summary). 

Another recent development is the model independent calculations on A^A^ — 
NNX in supernova (SN) 1987a [6], where X is some undetected light particle. 
From the missing energy upper bound of SN1987a, several improved constraints 
have been obtained with X taken as graviton and dilaton — to probe the size of 
extra dimensions; as axion, saxion and light neutralinos, and as for neutron 
star coohng [5]. 

In the extractions of the nucleon polarizabilities from deuteron Compton scat- 
tering, ref.[7] used EFT with pion integrated out to obtain the isoscalar electric 
polarizability on = 7.2±2.1±1.6 and magnetic polarizability = 6.9=F2.1=pl.6, 
in units of 10~^/m^. This is consistent with = 9.0 ± 1.5l;og = 
1.7± 1.51^0 g found in ref. [8] using EFT with pions plus some higher energy data. 
However, higher precision Compton scattering data are clearly needed to better 
determine and (3^. 

Recently chiral perturbation theory has been applied to study parton physics 
through computations of hadronic twist-2 matrix elements [9]. The computed 
quark mass dependence of twist-2 matrix elements are useful to guide the chiral 
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extrapolations of lattice data. The method can also be applied to generalized 
parton distributions, SU(3) flavor structure, large A^^^ behavior and nuclear mod- 
ifications (EMC effects) [10]. A recent study [11] in deeply virtual Compton 
scattering (DVCS) indicates that 7*A^ — > '-jNti involves twist-2 matrix elements 
which cannot be determined from '-)*N 'yN alone, contrary to previous claims 
[12]. 
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Nuclear Physics and Lattice QCD 



Silas R. Beane^'^ 

^Department of Physics, University of New Hampshire, Durham, NH 03824 
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Impressive progress is currently being made in computing properties and interac- 
tions of the low-lying hadrons using lattice QCD. However, cost limitations will, 
for the foreseeable future, necessitate the use of quark masses, M^, that are signif- 
icantly larger than those of nature, lattice spacings, a, that are not significantly 
smaller than the physical scale of interest, and lattice sizes, L, that are not sig- 
nificantly larger than the physical scale of interest. Extrapolations in the quark 
masses, lattice spacing and lattice volume are therefore required. The hierarchy of 
mass scales is: -C Mg A^ -C . The appropriate EFT for incorporating 
the light quark masses, the finite lattice spacing and the lattice size into hadronic 
observables is X"PT, which provides systematic expansions in the small parame- 
ters e"™'"'^, 1/ LA^, p/^x' ^ql ^'^^ '^^x ■ The lattice introduces other 
unphysical scales as well. Lattice QCD quarks will increasingly be artificially 
separated into non-degenerate "sea" and "valence" quarks, a procedure known 
as partial-quenching. Continuum EFT methods are being developed which prop- 
erly account for finite-a [1,2], finite-L [3,4] and partial-quenching effects [5] and 
which will allow for a systematic extrapolation from unphysical simulations of 
hadron properties to nature. Recently, partially-quenched X"PT (PQx-PT) has 
been formulated for baryons [6,7] with finite lattice spacing corrections [8], and 
many quantities have been computed. (See Ref. [9] and references therein.) 

Progress in few-nucleon effective field theory has reached the point where one 
may meaningfully ask how nuclear energy levels change as we vary the quark 
masses in the QCD Lagrangian. A practical motivation for understanding the 
quark mass dependence of nuclear physics is that future lattice QCD results will 
require extrapolation. Fortunately, the quark-mass dependence of few-nucleon 
systems can be studied in effective field theory [10,11,12], and amusingly, with 
existing results, the successful predictions of Big-Bang nucleosynthesis (BBN) 
can be used to constrain the time dependence of the Higgs vev and Aqcd, and 
thereby search for physics beyond the standard model [13] [14]. There has been 
one attempt to compute nucleon-nucleon (NN) scattering parameters in lattice 
QCD; Ref. [15] computes the ^5*0 and ^Si scattering lengths in quenched QCD 
(QQCD) using Liischer's method [16]. The NN potential is modified in an un- 
physical way in QQCD and PQQCD [17], however it is straightforward to develop 
the partially-quenched EFT which matches to a partially-quenched lattice simu- 
lation [18]. A second approach to the NN system on the lattice is to study the 
simplified problem of two interacting heavy-light particles [19]. It has been sug- 
gested that lattice QCD simulations of the potential between hadrons containing 
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a heavy quark will provide insight into the nature of the intermediate-range force 
between two nucleons [19]. While the NN potential is not itself an observable, 
one may instead consider heavy systems. The AqAq interaction is an ideal sys- 
tem to investigate [20]. Since the Aq is an isosinglet, there is no OPE, and the 
leading large-distance behavior is governed by two-pion exchange (TPE), which 
is physics analogous to the intermediate-range attraction in the NN potential. 
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The Soft-Collinear Effective Field Theory 

Iain W. Stewart 

Massachusetts Institute for Technology, Cambridge, MA 02139, USA 

The soft-coUinear effective theory [1] (SCET) provides a formalism for system- 
atically investigating processes with both energetic and soft hadrons based solely 
on the underlying structure of QCD. Most effective theories that we are familiar 
with are designed to separate the physics for hard ~ Q and soft momenta 
{Q^ ^ p1). Examples include chiral perturbation theory (ChPT), few-nucleon 
effective theory, heavy quark effective theory, or the high density effective the- 
ory. In SCET we incorporate an additional possibility, namely energetic hadrons 
where the constituents have momenta nearly collinear to a light-like direction 
n^. Both the energetic hadron and its collinear constituents have n ■ Pc ~ Q, 
where we have made use of light-cone coordinates (pt^Pc^P't) = {TT'-Pc,n-Pc,Pc)- 
However, the collinear constituents still have small offshellness p"^ ~ p^. The 
process of disentangling the interactions of hard-coUinear-soft particles is known 
as factorization, and is simplified by the SCET framework. I compare some of 
the basic features of SCET with ChPT in Table 1. 

Much like any effective theory the basic ingredients of SCET are its field 
content, power counting, and symmetries. The Lagrangian and operators, 

£ = + + . . . , = + O^i) + . . . , (1) 

are organized in a series where only C^^^ and O^^^ are relevant at LO, an ad- 
ditional C^^^ or is needed at NLO, etc. The expansion parameter will be 
A = \/Aqcd/Q ot 7] = Aqcb/Q depending on whether the collinear fields describe 
an energetic jet of hadrons or an individual energetic hadron. The effective theory 
with an expansion in A is called SCETj, while the one with an expansion in t] is 
called SCETn. For a review of the field content, power counting and symmetries 
see [2], for more detail see [4]. A useful advantage of using the symmetries of 
SCET rather than full QCD is that transformations like P, C, T, baryon number, 
isospin, etc., can be implemented separately for the soft and collinear sectors. 

In its simplest form SCET is applied to hadrons built of light quarks, for 
detailed examples see [3] . Progress has been made for processes such as exclusive 
hadronic form factors and deeply virtual Compton scattering [3], as well as deep 
inelastic scattering and jet production [6]. Many new results have also been ob- 
tained for 5-decays, where we combine SCET with heavy quark effective theory. 
Here the large mass of the B meson provides plenty of energy for light hadrons in 
the final state (cf. [5] for a short review and further references to the literature). 
Interesting results are also obtained by combining SCET with non-relativistic 
QCD, an effective field theory for heavy QQ systems [7]. Very recently progress 
has been made on combining SCET with ChPT [8] to describe light quark mass 
dynamics in energetic hadrons with an effective field theory. MIT-CTP 3444. 
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Table 1: A comparison of two effective field theories, chiral perturbation theory 
(ChPT) and the soft-coUinear effective theory (SCET). For notation see [1]. 



ChPT 


SCET 


oOiL naciions, pions, nucieons 


ooiL o6 H/iieigeLic naciions, cj^uaiKS, giuons 


Nonlinear fields: S = 
E = exp(2iM//) 


Nonlinear fields: W, S, Y (Wilson Lines) 
W = Pexp{-g/Pn-A^) 


Chiral transformations: 


Gauge transformations: 
W U,W, W UuWUl 


Labels on fields: Ny 


Labels on fields: h'i\ Af^ 


Calculable matrix elements 


Calculable coefficients 


Perturbative loops 


Non-perturbative & perturbative loops 


Unknown coefficients: Li, ... 


Unknown matrix elements: (pnix), fi/p{^), ■ ■ ■ 


Power counting: 


Power counting: 
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Chiral Dynamics of Nuclear Matter 

S. Fritsch-^, N. Kaiser-*^ and W. Weise-*^'^ 
^Physik-Dept. T39, TU Miinchen, D-85747 Garching, Germany 
^ECT*, Villa Tambosi, 1-38050 Villazzano (Trento), Italy. 

In recent years a novel approach to the nuclear matter many-body problem based 
on effective field theory (in particular chiral perturbation theory) has emerged 
[1,2]. The key element there is a separation of long- and short-distance dynamics 
and an ordering scheme in powers of small momenta. At nuclear matter satu- 
ration density, po — 0.17 fm~^, the Fermi-momentum kfo and the pion mass 
are comparable scales {kfo ~ 2771^^), and therefore pions must be included as ex- 
plicit degrees of freedom in the description of the nuclear many-body dynamics. 
In ref.[2] we have calculated the equation of state of isospin-symmetric nuclear 
matter in the three-loop approximation of chiral perturbation theory. The contri- 
butions to the energy per particle E{kf) as they arise from Ivr- and 27r-exchange 
(closed vacuum) diagrams are ordered in powers of the Fermi- momentum kf as 



Note that each expansion coefficient J^v{kf / m^) for > 3 is itself a function of the 
ratio of the two small scales, kf and m^r, inherent to this calculation. It has been 
demonstrated that the empirical saturation point, E{kfQ) ^ — 15.3MeV, po — 
0.17 fm~^, and the nuclear matter compressibility K = kj^QE'^kfo) ~ 255 MeV 
can well reproduced at order 0{kj) in the small momentum expansion with just 
one single momentum cut-off of A = 7/^ ~ 0.65 GeV which parametrizes the 
necessary short-range NN-dynamics. The underlying saturation mechanism is 
surprisingly simple (in the chiral limit m,r = 0), namely the proper combination 
of an attractive /cy-term and a repulsive kj-teim. In calculation, the attractive fcj- 
term comes mainly from iterated Ivr-exchange (regulated by a momentum cut-off 
A) whereas the stabilizing kj-teim is induced by Pauli-blo eking in the medium. 

In the same framework, we calculate the density-dependent asymmetry energy 
A{kf) and obtain at nuclear matter saturation density po the value A{kfo) — 
34 MeV. This prediction is in good agreement with the empirical value of the 
asymmetry energy A{kfQ) = (33 ±4) MeV. The equation of state of pure neutron 
matter is also in fair agreement with sophisticated many-body calculations and 
a resummation result [3] but only for low neutron densities p„ < 0.25 fm~^. The 
mere fact that pure neutron matter comes out unbound is already non-trivial. 

Furthermore, we evaluate the momentum and density dependent complex 
single-particle potential U{p,kf) + iW{p, kf) [4] (i.e. the average nuclear mean 
field). Chiral Ivr- and 27r-exchange give rise to a potential depth for a nucleon 
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at the bottom of the Fermi sea of U{0, kfo) = — 53.2MeV. This value is in good 
agreement with the depth of the empirical optical model potential and the nu- 
clear shell model potential. The imaginary single-particle potential W{p,kf) is 
generated entirely by iterated Ivr-exchange. The half-width of a nucleon-hole 
state at the bottom of the Fermi sea comes out as W{0, kfo) = 29.7 MeV. This 
number is comparable to results of many-body calculations based on the Paris- 
potential or effective Gogny forces. The basic theorems of Hugenholtz- Van-Hove 
and Luttinger are satisfied in our perturbative calculation. 

Next, we extend this calculation of nuclear matter to finite temperatures [5]. 
The free energy per particle F{p, T) is constructed from the interaction ker- 
nels by convoluting them with Fermi-Dirac distributions. The calculated pres- 
sure isotherms P = p^dF/dp display the familiar first-order liquid-gas phase 
transition of isospin-symmetric nuclear matter. The predicted critical point, 
Tc ^ 25.5 MeV and pc — 0.09 fm~^, lies however somewhat too high in tempera- 
ture. This feature originates from the too strong momentum dependence of the 
real single-particle potential U{p, kf) near the Fermi-surface p = kf. We consider 
also pure neutron matter at T > and find fair agreement with sophisticated 
many-body calculations for low neutron densities pn < 0.2 fm~'^. 

Finally, chiral Ivr- and 27r-exchange determine a nuclear energy density func- 
tional of the form [6] : 



£[p,r,/] = pE{kf)+ " ^ 



3 

2M*(p) 

+ {^pfFy{kf) + Vp ■ JF,,{kf) + /2 Fj{kf) , (2) 

with p{f) = 2/cj(r )/37r^ the local nucleon density, T(r ) the local kinetic energy 

density and J{r) the local spin-orbit density. This functional (with explicitly 
density dependent strength functions F\r^so,j{kf)) may open a novel approach to 
nuclear structure calculations which truly start from the long-range pion-induced 
NN-interaction. 
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Summary of the Working Group I: 
Goldstone Boson Dynamics 

Johan Bijnens^ and Ada Farilla^ 
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The Goldstone Boson working group had a rather extensive program. We had 
planned 29 presentations of which 13 were experimental and 16 theoretical. Two 
of the experimental presentations were canceled just before the meeting. The 
presentations were divided in a series of rather overlapping sessions in particular 
Kaons, Vus-Vud, the Anomaly, Chiral Perturbation Theory (ChPT), hadronic con- 
tributions to the muon g — 2, Roy Equations, the transition from 2 to 3 flavours as 
well as eta and phi physics. Each section contained experimental and theoretical 
talks. For more details and references we refer to the speakers own summaries. 

Kaons: Here we had two talks on nonleptonic Kaon decays in the framework 
of ChPT. G. Ecker reported on ongoing work in isospin breaking effects in K 
27r and CP-violation in that system. J. Bijnens discussed the calculation of 
K ^ Sir decays in the isospin limit and first results on local isospin breaking. 
S. Giudici described the new NA48 rare decay data with an emphasis on those 
testing ChPT predictions. 

Vus-Vud- This topic was covered in the plenary talk by Neufeld. Here we 
concentrated on a series of experimental talks regarding both Ki^ decays and 
pion beta decay. The new results on Ki^ were from ISTRA+ (V. Obrazstov) and 
KEP-PS E246 (V. Anisimovsky) both presenting new measurements of the slopes. 
The most surprising new result presented was the new BNL E865 measurement of 
the branching ratio for K^^ which differs by several sigma from the PDG average 
and if confirmed would solve the unitarity problem in this sector. E. Frlez showed 
the contribution from the PIBETA experiment to this puzzle, the branching ratio 
of pionic beta decay leading to a value of Vud compatible with the PDG one. 
J. Bijnens presented ChPT results at two loops for K13 in the isospin limit with 
two main conclusions. The curvature of the form factor might be important 
and the needed low energy constants for /+(0) can be obtained from the slope 
and curvature of fo(t). 

Anomaly: The anomaly plays an important role in field theory. Its role 
in the decay vr'^ 77 was discussed in the plenary talk by Goity. In the WG 
M. Moinester described uncertainties on the result for -F37r(0) resulting from the 
choice of different form factors in the experimental subtraction towards a possible 
future COMPASS measurement. The lifetime experiments and the present 
status of the JLab experiment PRIMEX were discussed by A. Gasparian. 
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ChPT issues: M. Biichler presented work on the renormalization group in 
CliPT at all orders. It was sliown liow tlie leading logarithms can in principle 
be obtained by calculating only one loop diagrams. The scalar form factor of 
pions and kaons were presented at two loops in ChPT by P. Dhonte, several 
large corrections were found and a comparison with dispersive results was made. 
I. Scimemi discussed in detail the problem of defining precisely what are electro- 
magnetic corrections in an effective theory while R. Unterdorfer described how 
the generating functional method of calculating processes has been extended to 
the case of three propagators. 

(gr — 2)p hadronic contributions: A major part of the WG was the session 
devoted to hadronic corrections. G. Colangelo presented the constraints from 
the TTTT phase shift analysis on the p contribution. The updated CMD-2 results 
on e'^e" — s>hadrons at low energy were discussed by B. Shwartz while M. Davier 
gave a general overview of all the hadronic input used and their final results. He 
also compared the tau decay spectral functions with those from e^e~. Finally, 
F. Nguyen showed the new KLOE analysis for e^e~ — ^hadrons using the radiative 
return method. 

Roy Equations: Using dispersion relations and crossing leads to a series of 
integro-differential equations for amplitudes generically referred to as Roy Equa- 
tions. P. Biittiker presented a reanalysis of this system of equations in the ttK 
sector. The Roy equations for the vrvr system were reanalyzed in great detail by 
Colangelo et al. (CGL) The precision claimed in this calculation has been chal- 
lenged by Yndurain and Pelaez. This criticism was presented by F. Yndurain 
and the reply to these by G. Colangelo. The original precision claimed is very 
high and thus needs to be checked independently. The situation at present is 
that the CGL analysis seems to have survived this challenge but the debate is 
still ongoing. 

From two to three Flavours: J. Stern and S. Descotes both discussed 
aspects of the difference between ChPT for two and three flavours concentrating 
on the issue of whether disconnected ss loops have a large effect. They tested this 
question using a Bayesian approach in dealing with the input as well as proposed 
a possible solution to this problem by not rewriting the quark masses at higher 
order in terms of the meson masses. 

T7, T]' and decays: On the theory side three talks presented results here. 
B. Borasoy treated mainly t]' decays using a Bethe-Salpeter based resummation 
scheme and found good agreement with many decays. E. Oset and L. Roca 
discussed several decays using the chiral unitary approach presented by L. Oiler 
in his plenary talk. E. Oset talked about (f) 7r°7r°7, n^rj'-f and was very happy 
with the new KLOE data which agreed much better with his predictions. L. Roca 
showed how this method describes rj —>■ 71^77 and the medium dependence of the 
a mass. The KLOE eta decay results and the status of many ongoing analysises 
was presented by B. Di Micco. 
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Summary of Working Group II: Meson-Baryon Dynamics 

R. Beck^ and T.R. Hemmert^ 

^Institut fiir Kernphysik, Universitat Mainz, Becherweg 45, D-55099 Mainz 
^ Theoretische Physik T39, TU Miinchen, James- Frank-Str., D-85747 Garching 

With 22 presentations from 10 different countries (of whicli 14 had a theoret- 
ical and 8 an experimental focus) this working group on chiral dynamics in the 
single nucleon sector covered a wide range of topics, attesting to the fact that 9 
years after the first Chiral Dynamics conference this continues to be a very active 
area of research, driven by the close interaction between theory and experiment. 

For individual summaries of these 22 contributions we refer to the following 
pages of these proceedings. Here we only want to highlight a few developments 
which we expect generate plenty of interesting results in the next few years and 
are likely to concern this working group at the time of next Chiral Dynamics 
conference in 2006: 

• SU(3) meson-baryon dynamics: New K^K and K^ll data have been shown 
in this working group for the differential cross section and the hyperon po- 
larization. In the future precise polarization observables (polarized pho- 
tons and recoil polarization) will become available to separate the different 
contributions (background, nucleon resonances, ...). Encouraging theoret- 
ical progress has been made by different groups utilizing various forms of 
non-perturbative/unitarization methods. As we expect new precision data 
in Kaon-photoproduction near threshold in the next few years, it will be a 
challenge for theory to find out whether there exists a (small?) region of ap- 
plicability for purely perturbative SU(3) BChPT and at which energy such a 
framework could be matched onto the existing unitarized/non-perturbative 
theories of SU(3) meson-baryon dynamics. 

• A(1232) resonance region: Over the last few years double polarization ex- 
periments have been performed to test the GDH sum rule and the for- 
ward spin polarizability. Very precise data were shown for the proton and 
for the future the experimental focus will be on the neutron. New data 
on 27r° photoproduction off the proton were presented, which allowed for 
the first time a test of ChPT in the 27r*^ threshold region. In addition a 
preliminary value for the pion polarizability has been extracted from ra- 
diative pion-photoproduction experiment. Compton scattering and pion- 
photoproduction have to be addressed simultaneously in upcoming theo- 
retical calculations to obtain results in ChEFT which are competitive with 
existing models. Two different ChEFT frameworks (SSE and (5-expansion) 
exist and should both be further explored/developed. The non-perturbative 
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treatment of the width of the resonance in this region does not pose a prob- 
lem for either framework. Improved calculations of these two scattering 
processes up into the resonance region will serve as the basis for better the- 
oretical predictions of nucleon dynamical polarizabilities, A^A-transition 
form factors etc. 

• Pion threshold region: The large discrepancy between ChPT and pion- 
electroproduction data reported at the Chiral Dynamics workshop 2000 at 
JLab seems to be resolved. A new measurement has been performed at 

< 0.1 GeV^, which gives significant higher cross sections and a better 
agreement with ChPT. Existing non-relativistic calculations of pion photo- 
and electroproduction near threshold are being extended to in rel- 

ativistic BChPT. From a theoretical point of view this should shed new 
light on the still puzzling experimental situation in pion-electroproduction 
for < 0.1 GeV^. From the comparison between relativistic and non- 
relativistic calculations one also hopes to learn more about the (radius of) 
convergence of BChPT. 

• 0{p'^) BChPT: The role of the large "pole-contributions" identified in for- 
ward virtual Compton scattering needs further study. The hope is that a 
resummation leads to a better-behaved perturbative expansion. A satisfy- 
ing solution of this problem will be mandatory for any further progress in 
0{p^) ChEFT calculations pertaining to the low-energy spin structure of 
the nucleon, VCS on the proton, etc. 

• Regularization Schemes: A host of schemes and ideas pertaining to regu- 
larization in ChEFT has been presented in the working group. We expect 
that the "effectiveness" in the sense of "simplification of large calculations 
at high chiral orders" will decide which ideas/proposals are taken up by the 
community. "Cutoff methods" are likely to play a prominent role in the 
future as they can serve as a microscope to detect problems of convergence 
in a chiral series. 

New experimental capabilities, polarized beams, polarized targets and full 
acceptance instruments at the different laboratories will open the possibilities to 
isolate small components of the cross section via measurements of interference 
terms. We hope this will result in exciting new data for the topics of Chiral 
Dynamics. 

Finally, we would like to thank all the participants of this working group for 
their active participation and all speakers for the high quality of their presenta- 
tions resulted in a stimulating and productive working group. We also thank the 
organizer of the workshop, Ulf MeiBner, as well as the hospitality of the Bonn 
university. We hope to see all of you again at Duke University in 1000 days! 
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Summary of Working Group III: 
Few-Body Dynamics 

Paulo Bedaque^ and Nasser Kalantar-Nayestanaki^ 

^LBL, 

One Cyclotron Road, Berkeley, California, U.S.A. 

^KVI, 

Zernikelaan 25, Groningen, The Netherlands. 
In the theory part of the working group we had the presentation of 12 talks: 

1. U. van Kolck, Charge Symmetry Breaking in Pion Production 

2. A. Nogga, Probing chiral interactions in light nuclei 

3. F. Myhrer, EFT and low energy neutrino deuteron reactions 

4. S. Ando, Solar-neutrino reactions on deuteron in EFT* and radiative cor- 
rections of neutron beta decay 

5. M. Birse, EFT's for the inverse-square potential and three-body problem 

6. H. Griesshammer, All orders power counting for the three-nucleon system 

7. J. Donoghue, Nuclear Binding Energies and Quark Masses 

8. C. Hanhart, Effective field theory treatment for meson production in NN 
collisions 

9. D. Cabrera, Vector meson properties in nuclear matter 

10. A. Schwenk, A renormalization group method for ground state properties 
of finite nuclei 

11. L. Platter, The 4-body system in effective field theory 

12. H. Krebs, Electroproduction of neutral pions off deuteron near the threshold 

The talks aimed at complementing the topics discussed in the plenary sessions. 
Griesshammer, Birse and Platter talked about the effective theory obtained by 
integrating out pions and, in particular, the subtle issues arising in three or more 
nucleon systems. Birse presented a configuration space analysis of the renormal- 
ization in the thre-body problem that agrees with the standard power counting. 
Griesshammer showed how to extend this power counting to arbitrary orders in 
the low energy expansion and exemplify it with NNLO calculations of neutron- 
deuteron phase shifts, van Kolck and Hanhart discussed charge symmetry break- 
ing and how the recent and future experiments can help to determine the low en- 
ergy constants involved. Myhrer, Ando and Krebs used effective field theories and 
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related methods to make prediction on innelastic processes involving weak cur- 
rent (Myhrer, Ando) and pion production (Krebs). Myhrer advocated that well 
established models of exchange currents make a prediction for the two-nucleon 
weak currents with very small uncertanties. Nogga showed the first many-nucleon 
calculations (through the no-core shell model method) using a potential derived 
from chiral perturbation theory while Schwenk discussed a renormalization group 
inspired method to deal with many-body problems. Donoghue presented a way of 
estimating two-nucleon low energy constants using dispersion relations. Cabrera 
used a chiral model to discuss vector meson properties in a medium. 

For the experimental work, there were a total of 8 experimental talks in the 
working group. They were given by: 

1. T. Black, Precision scattering length measurements 

2. St. Kistryn, pd break-up scattering experiments 

3. J. Messchendorp, Few-body studies at KVI 

4. F. Rathmann, pp scattering experiments 

5. H. Sakai, pd elastic scattering experiments 

6. H. Schieck, Nd scattering at low energies 

7. E. Stephenson, CSB experiment at lUCF 

8. W. Tornow, Nd scattering at low energies 

A summary of all these talks can be found in these proceedings. The bulk 
of the presentations concentrated on studying the three-body systems with the 
aim of understanding possible effects of the three-nucleon forces. It is clear from 
these measurements that calculations relying only on the two-body forces fail to 
predict almost all the physical observables at all energies and the need to add a 
three-nucleon force is present. However, more work needs to be done to formulate 
three-body forces which can explain the bulk of the data measured with relatively 
high precision. In order to understand the three-body systems fully, more spin ob- 
servables should be measured but also the break-up channel in nucleon-deuteron 
scattering seems to be very promising due to its much richer phase space com- 
pared to the elastic channel. Although there is a large data-base for the two-body 
system, attention should be paid to some spin observables. Bremsstrahlung re- 
sults in the two-body sector also lack a good theoretical understanding of the 
process. Measurements at low energies are promising since they could deal with 
more fundamental quantities which are needed in all the theories. More exper- 
imental efforts are underway. The relatively high-precision results from lUCF 
show very clearly the charge-symmetry breaking. More theoretical work is being 
performed to describe this experimental observation. 
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Summary of Working Group III: Hadronic Atoms 

Akaki Rusetsky 

Universitiit Bonn, Helmholtz-Institut fiir Strahlen- und Kernphysik (Theorie), 
NuBallee 14-16, D-53115 Bonn, Germany 

The discussions in the working group were focused on the following questions: 

1. Atoms containing strange hadrons. Nemenov (DIRAC coll.) has presented 
a new proposal to measure the energy-level shifts and the decay widths of both 
vrvr and ttK systems in the external magnetic field [1] . The preliminary result for 
the vrvr atom lifetime measurement r = (3. 1^*^07 (stat) ± 1. (syst)) ■ 10~^^ s has 
been also reported. The preliminary results for the strong energy shift and the 
width of the kaonic hydrogen ei, = -175±26±15 eV and Ti, = 120±100±15 eV 
were reported by Cargnelli (DEAR coll. [2]). However, as stressed by Gasser, 
the precise extraction of the KN cx-term and strangeness content of the nucleon 
by using the DEAR data still poses a big challenge for the theory [3] . 

2. Isospin-breaking corrections to the energy levels and decay widths of the 
hydrogen-like hadronic atoms. Zemp has discussed a systematic use of the non- 
relativistic effective Lagrangian approach to study the decay of the 7r~p atom 
in the presence of the electromagnetic wy decay channel. Full calculation of the 
0{a,md — my) corrections to the known leading-order result is forthcoming [4]. 
Selected isospin-breaking corrections in the pionic and kaonic hydrogen have been 
addressed within the relativistic framework by Ivanov [5]. 

3. ChPT for heavy nuclei. Using ChPT to systematically study the prop- 
erties of the deeply bound states of pions has been discussed by Girlanda [6]. 
Calculation of the pion-nucleus optical potential at O(p^), with the inclusion of 
all electromagnetic and strong isospin-breaking effects, has been presented. 
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Summary of Working Group IV: Chiral Lattice Dynamics 

or. . . 

Why we need the lattice and why the lattice needs chiral EFT 

Elisabetta Pallante^ and Martin Savage^ 
^S.I.S.S.A. and INFN, Sezione di Trieste, Via Beirut 2-4, 34013 Trieste, Italy 
^Department of Physics, University of Washington Seattle, WA 98195, USA 

Lattice QCD is presently the only known rigorous method of computing strong 
and electroweak matrix elements between hadronic states. This involves formu- 
lating QCD on a euclidean lattice with 1/L ^ m^r <^ A^ ^ 1/a (L is the lat- 
tice size, a is the lattice spacing, and A;^ the scale of chiral symmetry breaking). 
Presently, typical parameters for lattice simulations are L ~ 3 fm, a ~ 0.1 fm and 
light quark masses rriq ~ fn strange f^, still quite far from the ideal regime. The goal 
of many near future simulations is to move toward the L ^ oo, nig ^^uT ^^"^ 
a — > limits. Deviations from each of the three limits can be perturbatively de- 
scribed in terms of a systematic expansion within an effective field theory (EFT). 
Recent progress in the optimization of lattice fermion formulations was described 
by R. Mawhinney, with emphasis on domain wall (DW) fermions. Nice tests of 
the chiral behavior of overlap fermions were presented by C. Hobling, who re- 
ported on recent results for the pseudoscalar mass, the chiral quark condensate, 
i?^'^(2GeV), and Bj^^ . Some problems due to operator mixing for particular 
fermions can be mitigated by a twisted mass transformation (Sint). We were all 
excited to learn that simulations on > Tflop machines with largely reduced lattice 
masses will be feasible during the next year or so. Questions concerning tests of 
locality for overlap fermions were asked. 

For different size lattices two alternative expansions can be implemented: the 
p-expansion, when mL ^ 1 and the e-expansion, for mL -C 1, with the product 
mTjV kept fixed. As discussed by Chiarappa and Diirr, the two regimes offer 
alternative ways of constructing hadronic matrix elements and extracting the 
low-energy constants (LEG) of xPT. 

Shoresh stressed that, as partially-quenched QCD (PQQCD) contains QCD 
when Nsea = 3 and nisea = ^valence, oue can use Ngea = 3 simulations with 
unphysical masses to determine the LEC of QCD. Shoresh also presented results 
for the Wilson PQxPT lagrangian in the meson sector up to O(a^) in the lattice 
spacing. Fits to PQQCD lattice data (with = 2) using Wilson PQxPT are 
under study, as presented by Montvay. Very nice results were reported by C. 
Aubin, using an EFT formulation for staggered fermions. The fit to lattice data 
with = 3 provides preliminary values of the strong LEC, L5 = 1.9(3) (^2)5 
L4 = 0.3(3) (1^), 2Ls - L5 = -0.1(1) (tl), 2Lg - L4 = 0.5(2) (IJ) and the ratio 
/x/Ztt = 1.201(8)(15), in good agreement with nature. 

Kaon weak matrix elements, in particular K irir decays, are a hot topic 
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for lattice QCD, as e' je provides a crucial test of the Standard Model and its 
extensions. G. Villadoro explained how (partial) quenching affects in a crucial 
way A/ = 1/2 amplitudes. The size of non-factorizable vs factorizable contri- 
butions to penguin matrix elements was discussed (S. Peris). They find a value 
of (Qs)^'^^ that is much larger than the lattice value, making the situation still 
controversial. 

Another exciting topic studied in lattice QCD is B meson physics. Quenched 
lattice data of the B it transition that is necessary for the extraction of 
\Vub\ was analyzed using QxPT in an effort to estimate systematic errors in the 
chiral extrapolation (Becirevic). It appears that partially quenched simulations 
at smaller quark masses are necessary for a more quantitative understanding. 

The next few years promise to be a very exciting time for strong interaction 
physics as we are starting to see lattice calculations of the nucleon properties, 
such as the magnetic moments, matrix elements of the n < 3 twist-2 operators, 
masses, and also the A^A^ scattering lengths. Nucleon form factors were discussed 
in our working group, with presentations of quenched calculations of the isovec- 
tor anomalous magnetic moment and charge radii (Gockeler) and the strange 
form factors (Lewis). Significant work has been accomplished in examining the 
properties of nucleons in quenched and partially-quenched chiral perturbation 
theory, QxPT and PQxPT respectively (Beane and Arndt). In addition, first 
calculations of the 0{a) corrections to nucleon properties arising from both the 
Sheikholeslami-Wohlert term in the Symanzik action and also from 0{a) correc- 
tions to the inserted operators themselves, which are relevant for actions using 
unimproved Wilson fermions, were presented. The importance of studying the 
NN scattering lengths on the lattice was stressed by Beane. 

Chiral extrapolations have received attention recently. A presentation by 
Procura on the extrapolation of the nucleon mass and qa was interesting. One 
would like to understand much better why some of the forms used in chiral ex- 
trapolations can recover the experimental value, despite extrapolations from pion 
masses that are clearly outside the range of convergence. It was reiterated that 
results must be regulator independent up to higher order terms in the expansion. 

Maarten Golterman lead the working group in a very lively and interesting 
discussion concerning what one can expect in the next five years and what we 
should be thinking about. Five areas emerged for scrutiny: finite volume effects, 
finite lattice spacing effects, staggered fermions, (partial-) quenching and chiral 
perturbation theory. 

In conclusion, the chiral lattice dynamics working group was very stimulating 
and a good addition to the chiral dynamics meeting. The next five years will see 
significant progress in numerical lattice simulations, algorithm development and 
in the development of the appropriate effective field theories. We are entering a 
time period where rigorous statements about strong interaction observables can 
be made directly from first principles. 
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NA48 Results on xPT 



Sergio Giudici for Na48 coll. 

Scuola Normale Superiore 
7, P.za dei Cavalieri, Pisa, Italy 



The experiment Na48, located at the CERN SPS accelerator, has originally been 
designed to precisely measure direct CP violation in the decays of neutral kaon 
to pions pair. Apart from the important result concerning the CP violation 
parameter Re{e' /e) [1], the experiment investigated some neutral kaon rare decays 
as well. 

• Kl s ~^ e^e~7r'^7r~: the branching ratios are measured to be: BR{Kl — ^ 
e+e"7r+7r-) = (3.08 ± 0.2) x 10"^ and BR{Ks e+e^n+n^) = (4.69 ± 
0.3) X 10"^. The expected adronic-leptonic angle asymmetry for Kl has 
been measured to be A^{Kl) = (14.2 ± 3.6)% [2] 

• Ks — > 77: the branching ratio is measured to be BR{Ks — > 77 = (2.78 ± 
0.07) revealing a 30% discrepancy with respect to xPT at O(p^) calculation 
[3]. 

• Ks^L TT^'j'y'- a first observation [4] of the decays Ks — »■ ir^'j'j has been 
obtained yielding BR{Ks — > 7r''77)(^>o.2) = (4.9 it 1.8) x 10~® in agreement 
with the xPT prediction [5] . The chiral structure of the vertex need more 
statistics to be proved. The branching ratio for the Kl is measured to be 
BR{Kl 7r°77) = (1.36 ± 0.05) x 10^^ [6]. The corresponding VMD 
coupling found is a„ = — 0.46 ± 0.1. 

• Ks Ti^e^e": NA48 observed 7 events publishing [7] the result BR{Ks — >■ 
TrOe+e") = 5.8+|^ x 10"^ in a remarkable agreement with the prediction [8] 
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K — > 27r, e'/e and Isospin Violation 



Gerhard Ecker 



Institut fiir Theoretische Physik, Universitat Wien 
Boltzmanngasse 5, A-1090 Vienna, Austria 



This talk is based on joint work with Vincenzo Cirighano, Helmut Neufeld 
and Toni Pich [1]. 

We have performed a complete analysis of isospin breaking in 27r am- 

plitudes in chiral perturbation theory, including both strong isospin violation 
(m„ 7^ m^) and electromagnetic corrections to next-to-leading order in the low- 
energy expansion. The unknown chiral couplings are estimated at leading order 
in the 1/Nc expansion, except for the basic weak couplings Gs, 6*27 that are fitted 
to the experimental branching ratios. For these couplings we find small devia- 
tions from the isospin-limit case. 

The main results are: 

• Isospin breaking reduces the A/ =1/2 ratio ReAQ/ReA2 by about 10 %. 

• Isospin violation in the phases leads to a difference of about 13° between 
the isospin-limit values extracted from K ^ tttt branching ratios and from 
TTvr scattering data [2]. This difference cannot easily be accommodated by 
the usual uncertainties of large- iVc determinations of low-energy constants. 

• Direct CP violation in tttt decays is parametrized by the parameter 
e'. We locate three different sources of isospin violation for e'. For the 
overall measure of isospin violation we find 



depending on whether or not electromagnetic corrections are included in 
the decay amplitudes. 
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K — > Stt in Chiral Perturbation Theory 

Johan Bijnens^, Fredrik Borg^ (formerly Persson) and Pierre Dhonte^ 

^Dep. Theor. Phys. 2, Lund University, 
Solvegatan 14A, S22362 Lund, Sweden 

We discuss the treatment oi K ^ 3tt in Chiral perturbation theory to one 
loop [1]. This has earlier been calculated and various relations discussed in [2]. 
The formulas from that calculation have unfortunately been lost prompting a full 
new calculation to take into account the new data. The K ^ 2t\: amplitudes had 
already been recalculated in [3] and were confirmed in [1] once more. We found a 
simple parametrization in terms of one parameter functions for the full amplitude 
and have compared our full expression to the data. 

A full new fit of the Dalitz plot expansion parameters was also done. This 
fit has no indication of isospin breaking and has an acceptable x^- The fit of 
the ChPT expression to the data has a fairly large x^? mainly due to the fact 
that the various curvatures in the data are poorly fitted. It should be noted that 
there are large discrepancies between various experiments and that the new data 
from ISTRA+ have again significantly different curvatures [4]. A full new fit is 
required to see if the latter would solve some of the discrepancies. 

We have embarked on a full calculation of all isospin breaking effects on 
presented preliminary results on the local isospin breaking, i.e. quark mass effects 
and local electromagnetic effects. The radiative corrections from photon loops are 
under further investigation. The indications are that the local isospin breaking 
effects do not solve the discrepancy with the curvatures, but basically only slightly 
change the fitted ChPT parameters [5]. 

The ChPT calculation of [1] has been fully confirmed by [6]. There also a 
study of the CP asymmetries can be found. 
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E865 Results on Kes 



A. A. Poblaguev for the E865 Collaboration 

Physics Department, Yale University, New Haven, CT 06511, USA and 
Institute for Nuclear Research of Russian Academy of Sciences, Moscow, Russia 

E865 [1] at the Brookhaven National Laboratory AGS collected about 70,000 
— * -K^e'^u (K^^) decays in flight with the purpose of measuring the K^^ 
branching ratio relative to the observed — ^ 7r"*"7r° (-ft'7r2), — >■ vr^/i+i/ (-f^^ts), 
and — > 7r+7r°7r° (Kj^s) decays [2]. The vr*^ in all the decays were identified using 
the e~^e~ pair from vr^ e^e~^ decay and no photon detection was required. 
The branching ratio was measured to be 

BR(i^+3(^))/[BR(A^^2) + BR(i^^3) + BR(i^^3) = 0.2002 ± O.OOOSstat ± 0.0036sys], 

where K^^^^^ includes the effects of virtual and real photons. Using the Particle 
Data Group (PDG) braching ratios for the normalization decays we obtain 

BR(J^+3(^)) = (5.13 ± 0.02,tat ± 0.09sys ± 0.04^0^)% 

This result is about 2.3 standard deviations higher than the current PDG value. 

Radiative corrections for the decays inside the K^^ Dalitz plot boundary were 
estimated to be —1.3% using the procedure of Ref. [3], while the K^^^ decays 
outside the Dalitz plot boundary led to a +0.5% correction. Using the total 
radiative correction of —0.8%, the PDG value for the form factor /+ slope A+ = 
0.0282 ± 0.0027, and the short distance enhancement factor SEw{Mp, Mz) = 
1.0232 [3], we obtain for the element Ks of CKM matrix |Ks/+(0)| = 0.2242 ± 
0.0020rate ± 0.0007a+ which leads to 

iKsl = 0.2272 ± 0.0020rate ± 0.0007a+ ± 0.0018/^(o) 

if /+(0) = 0.9874 ± 0.0084 [3]. 

With this value of Vus and Vud from superallowed nuclear Fermi beta decays 
we obtain |KdP + |KsP + |KbP = 0.9999 ± 0.0016. 

While this result is in perfect agreement with CKM unitarity, our K^^ de- 
cay rate disagrees with previous experimental measurements and increases the 
discrepancy with V^s from K^^ decay if extracted under conventional theoretical 
assumptions about symmetry breaking. 
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ISTRA+ is a setup which has been operating in a negative unseparated secondary 
beam of the U-70 PS [1]. The main statistics of the experiment was accumulated 
during two runs in 2001. A simple trigger, which selected wide class of K~ decays 
was used. About 700M events were logged on tapes. A sequence of selection cuts 
results in 550K events of the K~ — > euir^ with remaining background of < 1.5% 
and 252K completely reconstructed events of the K~ tt'tt^tt^ decay with a 
background of < 0.05%. This is the highest statistics for these decays in the 
world. 

The Dalitz-plot analysis of the first decay was performed in terms of V-A 
formfactor, which is assumed to be , at most, quadratic function of t: f+(t) = 
/+(0)(1 + X+t/ml + A^t^/m^) and exotic scalar (fs) and tensor (fx) formfactors 
which assumed to be constant. Different fits lead to following results: 

A+ = 0.0286 ± 0.0008(stat) ± 0.0006(syst); A+ = -0.002+°;°°^^; 
fr/f+iO) = Omito^^tistat) ± 0.026(syst); 
fs/f+{0) = 0m2^-^,ll{stat) ± OmSisyst) 

Detailed description of the analysis and of the results can be found in [2]. 
The second decay is analyzed in terms of the "Dalitz plot slopes" g,h,k 

|A(J^± 37r)|2 oc l+gY + hY^ + kX^ + ... , (1) 

where X = (si - S2)/ml and F = (ss - so)/m^ , Si = {px - Pif, sq = |(si + 
52 + 53), pk and pi are the K"^ and vTj four-momenta (vra is the odd pion). The 
values obtained from the fit are: 

g = 0.627 ± 0.004(stat) ± 0.010{syst), 
h = 0.046 ± 0.004(stot) ± 0.012(s?/st), 
k = 0.001 ± O.OOl(stot) ± 0.002{syst). 

The details can be found in [3]. 
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The E246 set-up was designed to measure T-violating muon polarization in 
the Kfj^s decay and consisted of the following main elements: superconducting 
toroidal spectrometer, the CsI(Tl) photon calorimeter, the muon polarimeter, 
active target, charged particle detectors, and TOF system [1]. The set-up al- 
lowed us to extract K^^^, events with background fraction < 0.55% and measure 
i^es kinematics completely. We were able to extract the natural Dalitz density by 
deconvolving the convolution equation (radiative corrections were subtracted us- 
ing formulae of Ref . [2] ) and then we determined the form factors by maximizing 
the logarithmic likelihood between the MC and experimental Dalitz distributions. 

We analyzed 102 x 10^ K^s events for toroidal field of 0.65T and obtained: 

A+ = 0.0278 ± 0.0017(stat) ±0.0016(s|/st) 
|/_5//^(0)| = 0.0040 ± 0.0160(stat) ±0.0078(s|/st) 
|/^//+(0)| = 0.019 ± 0.080(stat) ± 0.040(s|/st) 

This result is published in [3]. The values of exotic form factors are consistent 
with zero predicted by the Standard Model and are in a good agreement with 
ISTRA+ results. The 90% C.L. limits for the form factors are |/5//+(0)| < 0.033 
and |/t//+(0)| < 0.166. The limit for |/5//+(0)| allows us to put a constraint on 
the two Higgs doublet model [4]: |A„sAe,/| < 5.2 x 10~^. The obtained A+ value 
is consistent with the ChPT prediction 0.031 [5]. 
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We have calculated the decays K iriu {K^^) to order in Chiral Pertur- 
bation Theory [1]. This calculation has been performed in the isospin limit. 

The full discussion can be found in [1] as well as in the two published talks 
[2]. There are two main conclusions, one experimental and the other theoretical. 

The experimental conclusion is that in order to obtain Vus with a precision 
better than 1% it becomes necessary to take the effect of curvature in the form 
factor into account. This curvature can be predicted from ChPT by using 

the pion electromagnetic form factor data [3]. This inclusion has also a rather 
strong effect on the measured slope A+, typically moving it outside the error bars 
quoted on A+ from the experiment when assuming a linear dependence on t only. 

The main theoretical result relevant for Vus is that the contribution to /+(0) 
only depends on two new parameters. These can in turn be determined from the 
Kt: scalar form factor slope and curvature, thus allowing for a model independent 
determination of /+(0). The curvature can be determined from other scalar form 
factors, as is discussed in [4]. 

Work on the p^ isospin breaking contribution is under way. 
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We have used a non-magnetic pure Csl calorimeter (the PIBETA detector [1]) 
and stopped tt"*" beam technique at PSI to collect, over three years, a high statis- 
tics data set of (rare) vr"*" and /i+ weak decays. /^From the background-free data 
set of ~ 60, 000 pion beta (vr/3) decay events we have extracted the preliminary 
7r~^ — > TT^e^Uf, branching ratio of 

= (1.038 ± 0.004(stat) ± 0.007(sys)) x 10-^ (1) 

by normalizing to the known rate of the vr"*" — > e'^i'e decays [2]. This result implies 
the quark mixing matrix element Vud = 0.9737(40), in the agreement with the 
most recent Particle Data Group average V^a = 0.9734(8) [3]. Our experiment 
tests for the first time the calculation of the iijS radiative corrections which stand 
at RC^^ ~ (+3.3 ±0.1)% [4]. 

In the framework of the Standard Model (SM) and the conserved vector cur- 
rent hypothesis (CVC) the radiative pion decay process e'^u^l is described 
by the weak axial and vector form factors, and Fy [5]. By fitting the absolute 
partial branching ratios deduced from the ~ 42, 000 radiative events' Dalitz plot 
we find the parameter 7 = F^/Fy to be 

7EXP = 0.475 ± 0.015(stat) ± 0.014(sys), (2) 

consistent with the present chiral symmetry phenomenology [6]. 
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We discuss the reaction vr^e 7r~e7r° with the purpose of obtaining infor- 
mation on the 77r tttt anomalous amplitude ^^3^. We compare a full cal- 
culation at 0{p^) in chiral perturbation theory and various phenomenological 
predictions [1] with the existing data of Amendolia et al [2]. By integrating our 
theory results using Monte Carlo techniques and comparing them with the ex- 
perimental cross section of a = (2.11 ± 0.47) nb we obtain an experimental value 
J^^S^'^P ^ 10.0 ± 1.0 in good agreement with theoretical expectations. 

We emphasize the need for new data to allow comparison of experimental and 
theoretical distributions, and to obtain J^^^^^^ with smaller uncertainty. 
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The 7r° Lifetime Experiment and Future Plans at JLab 
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Department of Physics, NC A&T State University, Greensboro, NC USA 

The three neutral light pseudoscalar mesons, 7r°, rj and r]', represent one of the 
most interesting systems in low energy QCD. This system contains fundamental 
information about the effects of SU(3) and isospin breaking by the u, d, and s 
quark mass differences, leading to important mixing effects among the mesons, as 
well as two types of chiral anomalies. Therefore, precision measurements of the 
two-photon decays of the vr^, rj and rj' will allow one to determine the light quark 
mass ratios and a direct extraction of the rj, rj' mixing angle. Thus, providing a 
stringent test of the low energy limit of QCD in a relatively clean setting. 

Because of the small mass of vr'' meson, the prediction of the chiral anomaly 
for the 7r° 77 decay width is more accurate and exact in the massless quark 
limit: ry'^m^ 

^i"' ^ -n) = ^ = 7^725 eV 

However, the real world current-quark masses are of the order of 5-7 MeV. 
Calculations of the chiral corrections have been performed in the combined frame- 
work of chiral perturbation theory (ChPT) and the 1/Nc expansion up to 0{p^) 
and X 1/iVc) in the decay amplitude. It was shown that the next-to-leading 
order corrections increase the pion decay width by about 4%, with an estimated 
uncertainty of less than 1%. The PrimEx collaboration at Jefferson Lab is plan- 
ning to perform a precision measurement of the neutral pion lifetime using the 
small angle coherent photoproduction of vr^'s in the Coulomb field of a nucleus, 
i.e., the Primakoff effect. This measurement will be a state-of-the-art experimen- 
tal determination of the lifetime with a precision of less than 1.5% [1]. Currently, 
we are in the final stages of the preparation of the experiment and expect to have 
the first data in the Spring of 2004. 

With the planned 12 GeV CEBAF energy upgrade, we will be able to perform 
the second part of this experimental program: radiative width and electromag- 
netic transition form factor measurements of the more massive 77 and r]' mesons 
[2]. This comprehensive experimental program will provide fundamental tests of 
both QCD and QCD inspired models. 

(This project is supported under NSF grant PHY-0079840.) 
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We derive and discuss the renormalization group equations for an arbitrary 
non-renormalizable quantum field theory [1]. We show that with these equa- 
tions one can get the structure of the leading divergences at any loop order in 
terms of sole one loop diagrams. In the framework of chiral perturbation theory, 
this allows to calculate the series of leading chiral logs by an iteration of one 
loop calculations. The renormalization group equations can also be used for the 
calculation of sub(sub,..)-leading divergences; these can be written in terms of 
one-loop, two- loop, (three- loop,..) diagrams. 

Another important issue we discuss is the role of counterterms which vanish at the 
solution of the equation of motion. Due to the freedom of choosing the couplings 
of these terms, one can find a basis of counterterms for which all divergences are 
generated only by one-particle-irreducible diagrams. This simplifies loop calcu- 
lations considerably. 

Finally, we show that the renormalization group equations we obtained apply 
equally well to renormalizable theories. 

With the help of these equations, we calculate the double chiral logs for the weak 
nonleptonic chiral lagrangian [2]. 
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We present the results of a full 0{p^) calculation of all scalar form factors 
for the eight lightest pseudo-scalar mesons in the framework of SU (3) Chiral 
Perturbation Theory. This work is part of a larger project aiming at developing 
and testing SU (3) xPT up to two-loop. 

We worked in the isospin limit and focused on the pion and kaon form factors. 
As a first result we find several loop corrections to be large, as expected from the 
Feynman-Hellman theorem (see [1]). We also compared these expressions with 
the behaviour extracted in the dispersive analysis of [2]. Using the procedure 
developed in [3] for the analysis of Ki^ and in the limit where the contribution 
from the 0{p^) low energy constants (LEG) to the form factors at zero vanishes, 
the matching of the scalar radii could be used to study the 0{p^) constants L4 and 
Lg while comparison of the curvatures gave information on the 0{p^) constants 
C12 and C13. C12 is of particular interest for the determination of Vus via the Ki^ 
study performed in [4]. The precision obtained on this constant was somewhat 
limited, but we could still obtain new constraints for L4 and Lg. Thirdly, we 
extended to the scalar case the relation established by Sirlin in [5] for the vector 
form factors. This relation is valid at all non-special momentum transfers. 
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The inclusion of electromagnetism in a low energy effective theory is worth further 
study in view of the present high precision experiments (muon g — 2, ttq 77, 
T decays, etc. , see also many talks of this conference). In particular in many 
applications of chiral perturbation theory, one has to purify physical matrix ele- 
ments from electromagnetic effects. The theoretical problems that I want to point 
out here are following: the splitting of a pure QCD and a pure electromagnetic 
part in a hadronic process is model dependent: is it possible to parametrise in 
a clear way this splitting? What kind of information (scale dependence, gauge 
dependence,..) is actually included in the parameters of the low energy effec- 
tive theory? In the recent work of ref. [1] we attempt to answer these questions 
introducing a possible convention to perform the splitting between strong and 
electromagnetic parts in some examples. We conclude the following. The split- 
ting that is proposed is done order by order in the loop expansion. The strong 
part of a quantity depends only on couplings defined in a theory with e = 
(up to the desired perturbative order in e) and it has no running proportional 
to the electromagnetic coupling e (still, up to the perturbative order in e which 
is considered). In order to proceed correctly in the construction of an effective 
theory it is important to characterise the relevant scales of the problem: fi (the 
renormalisation scale of the underlying theory), fi^s (the renormalisation scale of 
the effective theory) and /ii (the scale at which the strong part of a quantity is 
defined). The splitting ambiguities are parametrised by the scale /xi. The un- 
certainty related to fii can be of numerical relevance as in the pion form factor, 
F(/ii = 1 GeV) = F{ni = 500 MeV) - 0.1 MeV . The error induced on F by /ii is 
of the order of the PDG error [2]. Another advantage of the proposed splitting, is 
that in the effective Lagrangian the parameters in the strong sector are expressed 
through the ones of the underlying theory in its strong sector. This makes the 
matching between the underlying and the effective theory more transparent. Fi- 
nally the LECs of the effective theory also contain all information about scale 
and gauge dependence of the Green functions in the underlying theory with e.m. 
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The generating functional of chiral SU(3) for strong and nonleptonic weak inter- 
actions [1,2] was extended to include up to three propagators [3]. An application 
of the SU(2) version of the functional was the analysis of four-pion production 
where also resonance exchange was taken into account [4]. 

Another interesting example is the decay Kl — > that proceeds through 

two distinct mechanisms: the long-distance contribution generated by the two- 
photon exchange and the short-distance part due to W and Z exchange. The 
long-distance contribution contains one combination of chiral couplings, called 
X- Using the long-distance amplitude and the measured branching ratio one can 
extract information on the Cabibbo-Kobayashi-Maskawa matrix element Vtd that 
occurs in the short-distance contribution. 

Our aim was to calculate the coupling x- We applied the leading order large- 
Nc expression of the Kl — * 7*7* form factor [5] where we included two terms, the 
p term and one additional term with an effective mass Kh- The constants were 
determined with the help of experimental data on Kl 7 and by matching 
of the large- A'^c' expression with perturbative QCD [6]. Our final result for the 
long-distance part of x is: 

X-y-y(M,) = 5.8±l.l 
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The hadronic vacuum polarization contribution to is dominated by the tttt 
contribution (see, e.g. [1]), which is given by the pion vector form factor. The 
Omnes representation expresses the latter in terms of its phase which, below 16 
exactly, and up to 4 M|- to a good approximation, coincides with the vrvr 
P-wave phase shift. The latter is strongly constrained by analyticity, unitarity 
and chiral symmetry [2]. We call the Omnes function constructed with the vrvr 
P-wave phase shift Gi{s): 



and represent the physical vector pion form factor as a product of three terms: 



where 6*2(5) accounts for inelastic effects (i.e. it is the Omnes function con- 
structed with the difference between the phase of the form factor and the P-wave 
vrTr phase shift), and Gi^{s) takes into account the contribution of the u through 
its interference with the p. Both functions G2 and can be described in terms 
of a small number of parameters which are fixed by fitting the data. 

I have presented preliminary results for a calculation of the hadronic vacuum 
polarization contribution to below 1 GeV obtained on the basis of Eq. (2). The 
analysis is currently in progress and final results will be presented in a forthcoming 
publication [3]. 
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Estimates of the hadronic contributions to the magnetic anomaly of the muon, 
ghad^ need data from r decays and the reaction e~ — >■ hadrons. At DA$NE 
this latter measurement is done at -^i = using Initial State Radiation (ISR) 
events [2]. We measured the differential cross section da(,+e--,-K+-n-^/ dM^^ = 
(Je+e-^TT+TT- H{M^^, 6'™'^), where H is the radiation function and 9^^ is the polar 
angle of the dipion system. The KLOE detector [3] consists in a large acceptance 
spectrometer and a fine grained calorimeter, able to provide very good momentum 
and vertex resolution for pions and electrons. 

The measurement of dae+e-^Tv+Tv--y/ dM^^ consists of the following steps: 

1) the detection of two charged tracks with polar angle 50° < 6* < 130°, 

2) the requirement 6^^^ < 15° (or 6^,^, > 165°) for enhancing ISR with respect to 
Final State Radiation (FSR) events, 

3) the discrimination of pions from electrons by means of calorimetric variables 
and the subtraction of /i"*" /i~ 7 and 7r+ tt" tt^ events by suitable kinematic cuts, 

4) the luminosity measurement using Bhabha events (55° < 6^± < 125°), with a 
systematic uncertainty of SL/L = 0.5%th © 0.4:%exp- 

After the whole selection we have ca. 1.5 x 10^ events out of 140.7 pb~^ of 
data collected in year 2001, the experimental systematic error is 1.2%. We derive 
the TTTT contribution to the muon anomaly ^, a'^^, for M^^ e [0.65, 0.93] GeV^: 

IQio X = 378.4 ± 0.8,^,^ ± 4.5,,,^ ± 3.0^;, ± S.SpsR ■ 

Our data are in agreement with those from CMD-2 [4], confirming the dis- 
crepancy in a'lf'^ using e+ e~ or r data. 
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A new evaluation of the hadronic vacuum polarization contribution to the 
muon magnetic moment is presented [1,2]. We take into account the reanalysis 
of the low-energy e^e~ annihilation cross section into hadrons by the CMD-2 
Collaboration [3]. The agreement between e^e~ and r spectral functions in the 
vrvr channel is found to be much improved. Nevertheless, significant discrepancies 
remain in the center-of-mass energy range between 0.85 and 1.0 GeV, so that we 
refrain from averaging the two data sets. The values found for the lowest-order 
hadronic vacuum polarization contributions are 



where the errors have been separated according to their sources: experimental, 
missing radiative corrections in e^e~ data, and isospin breaking. The correspond- 
ing Standard Model predictions for the muon magnetic anomaly read 

^ r (11 659 180.9 ± 7.2had ± 3.5lbl ± 0.4qed+ew) 10"^° [e+e'-based] , 
'''' ~ I (11 659 195.6 ± 5.8had ± 3.5lbl ± 0.4qed+ew) 10"^° [r-based] , 

where the errors account for the hadronic, light-by-light (LBL) scattering and 
electroweak contributions. The deviations from the measurement at BNL are 
found to be (22.1 ± 7.2 ± 3.5 ± 8.0) 10"^° (1.9 a) and (7.4 ± 5.8 ± 3.5 ± 8.0) 10"^° 
(0.7 cr) for the e^e~- and r-based estimates, respectively, where the second error 
is from the LBL contribution and the third one from the BNL measurement [4]. 

Preliminary results are given on the radiative return process e^e~ — 7 2tt'^2'k~ 
measured with BABAR. They are shown to significantly improve the contribution 
of the 47r channel to the muon magnetic anomaly. 
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hadrons 
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This report presents the results obtained by the CMD-2 collaboration in the 
years 2002-2003. The CMD-2 [1] detector had been collecting data from 1992 to 
2000 at VEPP-2M collider in the energy range from 0.4 to 1.4 GeV. Although 
the data collection was finished more than two years ago, the data processing is 
continued providing the physics yield. 

The new results were obtained for the several processes [2,3,4]. Here, we 
mention briefly the results which are not published yet. 

The process e'^e~ n^e~^e~ was studied around the u;— meson peak. The 
measured value of Br{uj ir^e^e") = (8.7 ± 0.9 ± 0.5) x 10~^ has the best 
accuracy and it's in agreement with the previous experimental result as well as 
with theoretical predictions. 

Study of the </> 7r+7r~7r° decay dynamic. The fit of the Dalitz-plot distri- 
bution with the probability density function including the pn final state am- 
plitude and three pion point like amplitude, A^ae**^ -|- Ap^, gives the values 
a = 0.103 ± 0.028 in a good agreement with [5] and (p = —2.0 ± 0.3 that is 
rather different from the mentioned paper. 

Very important subject studied at CMD-2 is the total hadron cross section 
in the available energy range. Recently, some uncertainty in the code for the 
calculation of the radiative corrections for e~^e~ — > e'^e~ was found. Since this 
process is used for the luminosity measurement, the total cross section changed 
by 2-3% after reanalysis [6]. The most intriguing value of the hadron vacuum 
polarization contribution to muon (g-2) value became closer to theoretical one, 
a^(exp) - a^(t/i) = (22.1 ± 11.3) x 10-^°(1.9a). 
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Roy— Steiner Equations for ttK Scattering 
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irK scattering is the most simple S'f/(3)-process involving strange quarks. It is 
therefore an ideal place to test chiral predictions with non-vanishing strangeness. 
While this process is interesting by itself, a detailed knowledge of nK scattering 
also contributes to the understanding of the flavour dependence of the order 
parameters of Chiral Perturbation Theory (ChPT) [1]. In our work we use Roy- 
Steiner equations to analyze the available experimental ttK and tttt KK data 
and to explore the low energy region where no such data are available [2]. 

Taking the higher partial waves and 
all S- and P-waves above ~ 1 GeV as 
input, we have found unique solutions 
for the TiK S'-waves and the / = 1/2 P- 
wave in the energy region from thresh- 
old to ~ 1 GeV. Our solutions for the 
low-energy region turn out to be in gen- 
eral poor agreement with the available 
experimental data. Hence, the mass for 
the K*{m2) is shifted by ^ 10 MeV 
from the published value to 905 MeV. 
The solutions of the Roy-Steiner equa- 
tions also yield predictions for the scat- 
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Fig: 1-0" error ellipse for the scattering 
lengths a]!"^ and a^J"^ . 



tering lengths a^"^ and a^^ . In contradiction to tttt scattering the allowed values 
are strongly constrained by the data, so that there is no universal band for the two 
scattering lengths. We find m^ag^^ = 0.224 ±0.022 



3/2 



3/2 



-0.0448±0.0077 

Finally, the matching of the subthreshold parameters in the chiral and the dis- 
persive framework yields the following estimates for the low-energy constants (at 



the scale /i 
-4.53 ± 0.14, 



rap in units of 10 



0.53 ± 0.39 and 2LI 



1.05 ± 0.12, = 1.32 ± 0.03, Pg 
I = 3.66 ± 1.52. 
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In two recent papers, Ananthanarayan, Colangelo, Gasser and Leutwyler and 
Colangelo, Gasser and Leutwyler (to be referred to as, respectively, ACGL and 
CGL) have used experimental information, analyticity and unitarity (in the form 
of the Roy equations) and, in CGL, chiral perturbation theory, to construct the 
TTTT scattering amplitude at low energy, s^^^ < 0.8 GeV. 

We will mainly discuss here the second paper, CGL, in which an outstanding 
precision (at the percent level) is claimed but which, unfortunately, presents a 
number of drawbacks. First of all, the input scattering amplitude at high energy 
(s^/^ > 1.42 GeV) which ACGL, CGL use is not physically acceptable; and it 
is also clear that the errors these authors take for some of their experimental 
input data (in particular, for the phase shift ^q^"* at 0.8 GeV) are excessively 
optimistic. What is more, the CGL threshold parameters, and the low energy 
SO, S2 and P waves below 0.8 GeV, are displaced from what one gets by direct 
fits to experimental data, disagree with what other authors (Descotes et al., and 
Kamihski, Lesniak and Loiseau) find using also Roy equations, and fail to pass a 
number of consistency tests. Among these last, and by 2 to 4 a, we find failure 
of nonsubtracted forward dispersion relations for the amplitude with isospin 1 
excahange (Olsson's sum rule), inconsistency of the D wave scattering length 
for 7r°7r° 7r"*"7r~ scattering, and disagreement of the P wave effective range 
parameter, bi with results from the pion form factor. Moreover, we remark that 
some chiral parameters used by CGL are probably displaced from their correct 
values. As a consequence of this, we conclude that the error estimates of CGL 
are too optimistic. 

The details of all this, based on a recent paper by the author and J. R. Pelaez, 
may be found in the report by the author, "Comments on some chiral- dispersive 
calculations of tttt scattering", FTUAM 03-14 (hep-ph/0310206). 
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In a recent publication [1], Pelaez and Yndurain have raised objections against 
our work on Roy equations [2] and the subsequent matching between this rep- 
resentation and the chiral one, which led to remarkably sharp predictions for 
the TTTT scattering amplitude at low energy [3]. In particular, they claim that 
the asymptotic representation we used is incorrect and that this affected all our 
results. This latter conclusion was based on an indirect reasoning: they have 
evaluated some of the low energy observables of vrvr scattering and obtained flat 
disagreement with our earher results. In their opinion this disagreement had to 
be attributed to the asymptotic representation for the vrvr amphtude we had used. 
In this talk I have shown that: 

1. if we take the asymptotic representation proposed by Pelaez and Yndurain 
the solution of the Roy equations barely changes; 

2. the indirect reasoning that led them to citicize our results is flawed - there 
is a logical leap between the observed discrepancies among the two calcu- 
lations and the conclusion that the asymptotics we used is incorrect; 

3. the asymptotic representation proposed by Pelaez and Yndurain is in many 
respects worse than the one we used. In particular, it does not follow from 
factorization applied to data on high energy total cross sections of proton- 
proton and pion-proton. 

A full account of our answer to the criticism in [1] can be found in [4]. 
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Prom Two to Three Light Flavours 
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In Nf = 2 ChPT one expands in powers of rriu and keeping fixed 
at its physical value, whereas Nf = 3 ChPT treats all three light quark masses 
rriuymd and rris as expansion parameters. The corresponding Nf = 2 and Nf = 
3 chiral limits are characterized by different order parameters: QCD suggests 
paramag netic inequalities S(3) < E(2) and ^^(3) < ^^(2), where T,{Nf) denotes 
the Nf = 2 or Nf = 3 chiral limits of the condensate —{uu) and F^{Nf) stands 
for the corresponding chiral limits of F^. Hence, on general grounds, one expects 
a suppression of the two fundamental three-flavour order parameters relative to 
their two-flavour analogs. This effect is due to massive strange sea quark pairs 
which induce extra positive contributions to S(2) and F^(2) . The latter vanish 
for rris = i.e. they do not show up in S(3) and F'^{3). In practice, the resulting 
difference between Nf = 2 and Nf = 3 order parameters may be important 
since ~ ^qcd and furthermore, due to fluctuations of the lowest eigenvalues 
of Euclidean Dirac operator, QCD vacuum enjoys OZI-rule violating and large 
Nc suppressed correlations between scalar massive ss and massless non strange 
uu + dd pairs [1] .In ChPT , this phenomenon is encoded in the values of the large 
Nc suppressed LEC's L^fj,) and LKfi). Dominant effects of vacuum fluctuations 
of massive ss pairs are described by the scale independent combinations ALq = 
Ll{Mp) + 0.26 X 10-3 and AL4 = Ll{Mp) + 0.51 x 10"^ which should remain 
positive due to the paramagnetic inequalities. They are usually multiplied by 
and often appear with large numerical coefficients. Consequently, rather small 
positive values of ALg and/or AL4 ( close to their upper bounds of order 0.001 
and 0.002 respectively which reflect the positivity of S(3) and of F^{3)) could 
be sufficient to produce an important suppression of the three-flavour condensate 
and/or of the decay constant and to destabilize the perturbative relation between 
order parameters and Goldstone boson observables [2] . Such instability need not 
affect the standard two-flavour ChPT characterized by a large condensate S(2) 
and it need not reflect a too large value of rris but rather an important OZI-rule 
violating fluctuation of vacuum ss pairs. 
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Bayesian Approach to the Determination of 
Nf=3 Chiral Order Parameters 

Sebastien Descotes-Genon 
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Due to its light mass of order Aqcd, the strange quark can play a special role 
in Chiral Symmetry Breaking (xSB). Differences in the pattern of xSB in the 
limits Nf = 2 (m„,mrf — > 0, physical) and Nf = 3 {mu,md,ms 0) may 
arise due to vacuum fluctuations of ss pairs in relation to the Zweig-rule violation 
in the scalar sector [1]. The latter is in particular described by the 0(j9^) low- 
energy constants L4 and Lq of the strong chiral lagrangian. Recent estimates of 
these constants [2,3] suggest sizeable fluctuations of ss pairs, which could lead 
to a significant suppression of the Nj = 3 quark condensate and pseudoscalar 
constant with respect to their Nf = 2 counterparts. 

In the case of large fluctuations, the customary treatment of SU (3) x SU (3) 
chiral expansions generates instabilities upsetting their convergence [4]. We de- 
velop a systematic program to cure these instabilities by resumming nonpertur- 
batively vacuum fluctuations of ss pairs, in order to extract information about 
xSB from experimental observations even in the presence of large fluctuations. 
The resulting Bayesian framework is exploited to analyse the low-energy tttt 
scattering amplitude [5] and to obtain a lower bound on the quark mass ratio 
2ms/ {mu + frid) > 14 at 95% confidence level. On the other hand, vrvr scattering 
does not constrain the quark condensate or the pseudoscalar decay constant in 
the A'^^ = 3 chiral limit. 
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The hadronic decays 77 tttttt, t]' tttttt and t]' rjinr are investigated 
within a f/(3) chiral unitary approach [1]. To this end, the most general chiral 
effective Lagrangian which describes the interactions between members of the 
lowest lying pseudoscalar nonet (tt, K, rj, rj') up to fourth chiral order is utilized 
and the pertinent tree diagram amplitudes are derived. Final state interactions 
are included by deriving the effective s-wave potentials for meson meson scatter- 
ing from the chiral effective Lagrangian and iterating them in a Bethe-Salpeter 
equation. With only a small set of parameters we are able to explain both rates 
and spectral shapes of these decays. 

The decay 77 — > tttttt may be used to constrain the double quark mass ratio 

= JJ^^ — JJ^^ with m = mu+rrid from which we obtain Q = 23.4±0.8, 

''I'd ''''u ''I'd \ ''''u 

a value which is in agreement with the requirement by Dashen's theorem and 
indicates that higher order corrections to this low-energy theorem may be small. 

We can furthermore confirm the importance of the ao(980) resonance for rj' —>■ 
rjirn — as has been claimed in the literature — without including it explicitly in the 
theory. 

The presented method can also be applied in the study of the decays 77/77' —>■ 
77 [2], rj/rj' Tr+Tr^7 and rj/rj' ^ ir^'-fj. 
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We study the radiative (p decay into 7r°7r''7 and 7r''?77 taking into account 
mechanisms in which there are two sequential vector-meson-pseudoscalar or axial- 
vector-vector-pseudoscalar steps followed by the coupling of a vector meson to 
the photon, considering the final state interaction of the two mesons [1]. There 
are other mechanisms in which two kaons are produced through the same se- 
quential mechanisms or from decay into two kaons and then undergo final state 
interaction leading to the final pair of pions or n^rj. The latter mechanism is the 
leading one but the other mechanisms provide appreciable contributions. The 
results of the parameter free theory together with the theoretical uncertainties, 
are compared with the latest experimental KLOE results at Frascati [2] in the 
two figures below, which also show the theoretical errors. It was shown during 
the Conference that the data for 7r°7r°7 decay around 500 MeV have changed and 
are now in agreement with the theory. 
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We present the status of the analyses on t] meson decays with the KLOE 
detector at DA$NE $ factory[l]. The KLOE detector has collected about 20 
milions of t] events, produced by the $ — + 777 decay process. Here we present 
the status of the analyses of the decay process: 77 — > 87, 77 — > 7r+7r~7r°, 77 — > Stt", 
7] — ^ 7r°77 and rj — > 7r"'"7r~7. 

The ?7 — * 87 decay is a C violating decay. The SM prediction of the branching 
ratio is of the order of 10~^^[2], far below the present experimental limit (5 x 10~^ 
[3]), so any measurement of a larger branching ratio would be a clear signal of 
new physics. KLOE has analyzed 17 x 10^ 77 decays [4]. No signal has been found, 
so we have evaluated an upper limit: Br{r] 87) < 1.6 x 10~^ (95 % C.L.). 

The rj 71^77 is interesting for testing ChPT to 0{p^) level [2]. We expect 
to have from 5000 to 14000 such decays in our data[3][2]. The main background 
is the T] —>■ Stt" channel when there is a merging of the clusters in the calorimeter. 

The Dalitz plot analysis of the 77 — > 7r"'"7r~7r*^ channel is interesting for C vio- 
lation and for ChPT testing [2] . We have analized about 400000 77 — > Stt" events, 
producing the following very preliminary results for the Dalitz plot parameters: 
(a,b,c) = (-1.05 ± 0.01,0.20 ± 0.03, -0.009 ± 0.009) (only statistical error re- 
ported). The c parameter is compatible with 0, so no C violation is observed. 

For the rj Sir^ the overall selection efficiency is 16%. So we expect to have a 
sample of 1 million events with the full KLOE statistic. The analysis reproduces 
well the Dalitz plot parameter put in the MC generator. 

The rj 7r+7r~7 is an interesting decay to check the box anomaly [2] studying 
the energy distribution of the 7. We have selected 18508 among 1 million of t] 
events with a preliminary analysis. 
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The rj — > 71^77 decay has attracted much theoretical attention since, in Chiral 
Perturbation Theory (ChPT), the calculation at O(p^) vanishes and at O(p^) 
is very small. The first sizeable contribution comes at 0{p^). This makes this 
reaction to be, in principle, a good test of ChPT at 0{p^) and higher. But the 
parameters involved in the ChPT Lagrangians at these higher orders are not easy 
to determine. On the other hand models using Vector Meson Dominance (VMD) 
have been used, but expanding the vector meson propagator to obtain the 0{p^) 
chiral coefficients gives results ~ 1/2 of those obtained by keeping the full vector 
meson propagator which is supposed to contain higher orders. This implies that 
0{p^) > 0{p^). This makes us to conclude that a strict chiral counting has to 
be abandoned and we have to think in terms of 'relevant mechanisms' instead of 
'diagrams contributing up to a certain order'. 

At this point is where unitary extensions of ChPT (UChPT) can help to solve 
the problem. UChPT is based on the implementation of unitary techniques to 
resum loops and has allowed to extend the predictions of ChPT up to ~ 1.2 GeV 
even generating many resonances dynamically without including them explicitly. 

Considering this background, we improve the calculations of the rj 71*^77 
decay within the context of meson chiral lagrangians. We use a chiral unitary 
approach for the meson- meson interaction, thus generating the ao(980) resonance 
and fixing the longstanding sign ambiguity on its contribution. This also allows 
us to calculate the loops with one vector meson exchange, thus removing a for- 
mer source of uncertainty. In addition we ensure the consistency of the approach 
with other processes. First, by using vector meson dominance couplings normal- 
ized to agree with radiative vector meson decays. And, second, by checking the 
consistency of the calculations with the related 77 — > 7r°?7 reaction. We find an 
rj — *• 7r°77 decay width of 0.47 ib 0.10 eV, in clear disagreement with published 
data but in remarkable agreement with the most recent measurement. 
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GDH, Nucleon Spin Structure and Chiral Dynamics: 

Theory 



Dieter Drechsel 
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The Gerasimov-Drell-Hearn sum rule ist based on low-energy theorems and for- 
ward dispersion relations [1]. It connects the anomalous magnetic moment to 
an integral over the helicity difference cri/2 — (T3/2 of the photoabsorption cross 
sections weighted with the inverse power of the photon lab energy v. This cross 
section difference was recently measured by the GDH Collaboration [2] at MAMI 
for 200 MeV < < 800 MeV and at ELSA for 700 MeV < < 2.8 GeV. The 
experiments confirmed the sum rule within a 10% deviation, and most of the 
still missing strength is expected at the higher energies on the basis of Regge 
models. In the mean time the collaboration has also taken data for the deuteron, 
which holds the promise to solve the "neutron puzzle": Theoretical analysis us- 
ing photoproduction multipoles results in a 20-30% discrepancy between the sum 
rule and the dispersion integral for the neutron. At the same time the GDH 
experiments have provided a value for the forward spin polarizability [1,2] by 
weighting the cross section difference by . In the case of virtual photons there 
appears an additional inclusive cross section crj;,^ as a longitudinal-transverse in- 
terference, and all cross sections and related integrals are also functions of the 
four- momentum transfer > 0. These integrals provide various generalizations 
of the GDH sum rule, the Burkhardt-Cottingham sum rule, and values for gen- 
eralized polarizabilities. A wealth of new precision data has been obtained at 
the Jefferson Lab [3], which can be compared to the results of chiral theories [4] 
and dispersion analysis [1]. These ongoing activities hold the promise to fully 
determine the spin structure in the resonance region and thus to bridge the gap 
between low-energy coherent processes and deeply inelastic incoherent scattering. 
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GDH Sum Rule 
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The helicity dependence of the total photo-absorption cross section on the 
proton was measured in the energy range 0.2< < 3.1 GeV. These data pro- 
vide the first experimental check of the Gerasimov-Drell-Hearn sum sule [1] and 
measurement of the forward spin polarizability 70. 

The experiment was carried out in two steps: at MAMI (Mainz) up to 800 
MeV and at ELSA (Bonn) at higher energy. First results from Mainz have 
already been published [2] and preliminary results from Bonn are available [3]. 
An estimate of the GDH sum rule was deduced combining these measurements 
with model predictions in the unmeasured photon energy range and it was found 
in agreement with the theoretical value. A preliminary estimate of the forward 
spin polarizability gives 70 = (104 ± 8 ± 10) ■ 10~^ fm^. 

In addition, all partial channels up to E^=800 MeV were measured and the 
helicity dependence of both total and differential cross sections are now available. 
First results have been published: the single Tr"*" and 7r° production in the A region 
[4]; the double pion production (tt+tt^) [5]; the rj production [6]; the vr" production 
in the second resonance region [7]. 

These measurements provide a strong constraint for multipole analysis [8] of 
pion photo-production and new information on excitation of baryon resonances. 
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Virtual Compton Scattering has opened a new field of investigation of nucleon 
structure. At low center-of-mass energies, the process 7*p 7p allows the de- 
termination of the Generalized Polarizabilities (GPs) of the proton [1]. These 
observables generalize the concept of nucleon polarizabilities to any photon vir- 
tuality Q^. The GPs are predicted by many models at low Q^, including Heavy 
Baryon Chiral Perturbation Theory [2]. A first generation of experiments study- 
ing photon electroproduction ep — > ep~f have been performed at MAMI [3], 
Jefferson Lab [4] and Bates [5]. They measure the unpolarized VCS structure 
functions P^l — Ptt/^ and Plt which are linear combinations of the lowest 
order dipole GPs. Analysis methods are based on the Low Energy Theorem [1] 
or the Dispersion Relation formalism [6] . Results of the MAMI [3] and JLab [7] 
experiments are presented, together with the future prospects in the field. 
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Nucleon polarizabilities describe the response of the charged constituents of 
the nucleon to an external electromagnetic field. In [1] the concept of dynami- 
cal, i.e. energy-dependent polarizabilities, derived from Compton multipoles, has 
been introduced. These quantities gauge the response of the internal nucleonic 
degrees of freedom to an external, real photon field of definite multipolarity and 
non-zero energy. In this work we present a projector formalism to extract the 
nucleon polarizabilities from a multipole expansion of the structure part of the six 
Compton amplitudes. We calculate the dynamical polarizabilities up to leading- 
one-loop order in an Effective Field Theory with (Small Scale Expansion) and 
without (HB^PT) explicit A(1232) degrees of freedom and compare our result 
to dispersion relation calculations [2], finding good agreement in most multipole 
channels and the possibility to determine the static spin-independent dipole po- 
larizabilities dEi and /3mi from low energy Compton data via the SSE-amplitudes. 
To include the A resonance as explicit degree of freedom is crucial for the res- 
onant polarizabilities {e.g. P^ii^)) and for a correct description of backward 
Compton scattering data [2]. We demonstrate that quadrupole polarizabilities 
give negligibly small contributions to Compton cross sections - spin-averaged as 
well as polarized ones - i.e. the multipole expansion converges very fast. This 
leaves us with only the six dipole polarizabilities as free functions of energy which 
one therefore may be able to fit to experimental Compton scattering data. This 
hope is confirmed, as we show that the dynamical spin polarizabilities give size- 
able contributions even to spin-averaged Compton scattering and that they are 
absolutely dominant in certain polarization configurations [3]. Finally we present 
one possible, model-independent way to determine the dynamical spin dipole po- 
larizabilities directly from experiment, proving the principle by fitting only two 
of them to spin-averaged Compton data. 



References 

[1] H.W. GrieBhammer and T.R. Hemmert, Phys. Rev. C 65, 054207 (2002). 

[2] R.P. Hildebrandt, H.W. GrieBhammer, T.R. Hemmert and B. Pasquini, 
nucl-th/0307070, to be pubhshed in Eur. Phys. J. A. 

[3] R.P. Hildebrandt, H.W. GrieBhammer and T.R. Hemmert, nucl-th/0308054. 



99 



Radiative Pion Photoproduction and Pion Polarizability 

Lev FiPkov^ 
(for A2 and TAPS collaborations of MAMI) 

^Lebedev Physical Institute, Leninsky Prospect 53, 119991 Moscow, Russia 

The process of the radiative tt"*" meson photoproduction from the proton 
ilP 7vr"'~n) is studied with the aim to determine the 7r+ meson polarizabil- 
ities [1,2]. For this purpose an experiment on the process under study has been 
carried out at MAMI-B in the kinematical region 537 MeV< <817 MeV, 
140° < < 180° where 6'^^ is the photon emission angle in cms of the 77r 
scattering. The vr"'" meson polarizabilities were determined from the comparison 
of the experimental data with two different theoretical models (without [3] and 
with baryon resonances). In order to decrease the contribution of the baryon 
resonances, the differential cross section of the process under study has been in- 
tegrated over from 140° to 180° and over ip from 0° to 360° (where ip is the 
Treiman-Yang angle between the planes formed by the momenta of the initial 
photon and the proton and the initial photon and the emitted pion in cms of the 
77r — i> 77r reaction). To decrease a model dependence of the results obtained, the 
kinematical region of this process has been chosen where the difference between 
the predictions of two considered models does not exceed 3% when (a — /3)^+ = 0. 

The setup efficiency has been normalized by the comparison of the theoretical 
model predictions with the experimental data in the kinematical region where 
the pion polarizability contribution is negligible (si < 5/i^). 

In the region, where the pion polarizability contribution is essential (5 < 
< 15, —12 < t/fi"^ < —2), the difference of the electric and magnetic vr"*" 
meson polarizabilities has been determined from the comparison of the exper- 
imental data on the total cross section of the radiative pion photoproduction 
with the predictions of two theoretical models under consideration. As a very 
preliminary result we have obtained: 

(a - p)^+ = (11.6 ± 1.5 ± 5.1) X 10"^ fm^ 

where the errors are statistical and systematic ones including the difference be- 
tween the results found with help of the considered models, respectively. 
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Strangeness Production from ELSA 
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The reactions 7p —>■ K~^\ and 7p —>■ K+'E'^ were measured in the energy range 
from threshold up to a photon energy of 2.6 GeV [1]. The data were taken with 
the SAPHIR detector at the electron stretcher facility, ELSA. Results on cross 
sections and hyperon polarizations are presented as a function of kaon production 
angle and photon energy. The total cross section for A production rises steeply 
with energy close to threshold, whereas the S° cross section rises slowly to a 
maximum at about = 1.45 GeV. Cross sections together with their angular 
decompositions into Legendre polynomials suggest contributions from resonance 
production for both reactions. In general, the induced polarization of the A has 
negative values in the kaon forward direction and positive values in the backward 
direction. The magnitude varies with energy. The polarization of the S*^ follows 
a similar angular and energy dependence as that of the A, but with opposite sign. 
A detailed discussion of the data, their analysis and the results can be found in 
Ref. [1]. 
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Strangeness Production at Jefferson Lab 
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The Thomas Jefferson National Accelerator Facility has an extensive program 
of studying the electromagnetic production of strange particles. One of the main 
components of this program has been the study of both photo- and electropro- 
duction of + A° and + TP final states. Experiments are being, or have 
been conducted in all three of Jefferson Lab's experimental halls measuring a 
wide range of observables at kinematics from threshold up to ~ 3.0 GeV and 

from 0.4 up to 5 (GeV/c)^. 

The largest effort in this endeavor is taking place in Hall B using the CEBAF 
Large Acceptance Spectrometer (CLAS). Data have been taken at about ten 
different polarized electron beam energies and are currently being analyzed. 

Preliminary results [1] for one beam energy exist wherein the unpolarized 
cross section has been separated into three components: ctt + eLUL, cttt, and 
(Jlt- The data indicate a t-channel dominance for the A° production and a strong 
s-channel dominance for TP production. The large air structure function for A" 
suggests a large coupling to the longitudinal component of the virtual photon. 
The W dependence of the structure functions for both final states indicate the 
likely influence of various intermediate resonances. Precision measurements of 
the photoproduction cross section have been made using CLAS and may also 
indicate the presence of previously unobserved intermediate resonances [2]. 

These results will soon be complemented with a full analysis of all CLAS data 
wherein ctt and (Jl will be measured as well as the fifth structure function aiT' [3]- 
Measurements of the transferred hP polarization [4] along with high-precision L-T 
separations from Hall C [5] and Hall A [6] will also provide additional constraints 
for understanding the underlying strangeness electroproduction process. 
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Unitarized Chiral Dynamics: SU(3) and Resonances 

E. Oset, A. Ramos, C. Bennhold, D. Jido, J. Antonio Oiler and U.-G. MeiBner 
Valencia, Barcelona, Washington, Osaka, Murcia and Bonn Collaboration 

Using a chiral unitary approach for the meson-baryon interactions, we show 
that two octets oi J'^ = l/2~ baryon states, which are degenerate in the limit 
of exact SU(3) symmetry, and a singlet are generated dynamically. The SU(3) 
breaking produces the splitting of the two octets, resulting in the case of strangeness 
S = —1 in two poles of the scattering matrix close to the nominal A (1405) res- 
onance. These poles are combinations of the singlet state and the octets. We 
show how actual experiments see just one effective resonance shape, but with 
properties which change from one reaction to another. Suggestions of experi- 
ments are made to populate either of the two A(1405) resonances [1]. Members 
of these two octets are also the 1=0 A(1670) state and 1=1 E(1620) state with 
strangeness S=-l [2], plus the S(1620) state with S=-2 [3]. Some partial evidence 
is seen for another 1=1 state around the KN threshold and hints are given that 
the differences in the vr+S^ and 7r^S+ distributions in A(1405) photoproduction 
in a recent experiment at SpringS/Osaka could unveil the existence of this 1=1 
state [4]. 
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While in threshold pion photoproduction experiment and theory is in good 
agreement, the current published data[l] on threshold pion electroproduction 
show considerable disagreement with predictions in the framework of Chiral Per- 
turbation Theory[2]. 

To further investigate this disagreement, an experiment with extended mo- 
mentum acceptance was performed at MAMI to increase the sensitivity to the 
small p wave contributions. Simultanously, a measurement with polarized elec- 
tron beam and out of plane acceptance was performed to investigate the effects 
of the opening tt-tt"*" channel on the pvr" s wave amplitude via the TL' interference. 

The new dataset[3] covers the energy range from threshold up to a cen- 
ter of mass energy of 40 MeV above threshold at a photon virtuality of = 
0.05GeV^/c^. The extracted cross sections ctq = ctt + ^o'l, ctlt, and ct^t are be- 
low the predictions of ChPT, but in good agreement with the phenomenological 
models MAID and DMT [4] . The unitary cusp in the the asymmetry Aj-li is only 
described by the DMT model. 
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Two 7r° Production at Threshold 
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The reaction 7p — tt^tt^p has been measured using the TAPS BaF2 calorime- 
ter at the tagged photon facility of the Mainz Microtron accelerator. Close to 
threshold, chiral perturbation theory (ChPT) predicts that this channel is signif- 
icantly enhanced compared to double pion final states with charged pions [1]. A 
ChPT calculation of the 27t^ channel up to order attributes the total strength 
dominantly to pion loops at order [2] - a finding that opens new prospects for 
the test of ChPT. 



Figure 1: Total cross sec- 
tion for the reaction 7p — > 
TT^n^p (full squares) at thresh- 
old in comparison with [5] 
(open circles). The prediction 
of the ChPT calculation [2] is 
shown (solid curve) and the 
prediction of Ref. [4] (dotted 
curve). The upper limit of the 
ChPT calculation stems from 
the uncertainty of the coupling 
iV*iV7r7r of the Pii(1440) reso- 
nance (dashed curve). 

Our measurement of the cross section at threshold (see Fig 1) is the first 
which is sensitive enough for a conclusive comparison with the ChPT calculation 
[2] and is in agreement with its prediction [3]. The data are also in agreement 
with a calculation in the unitary chiral approach [4]. 
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In this talk we present the predictions of the Dubna-Mainz- Taipei (DMT) 
dynamical model, based on meson-exchange picture, which we recently developed 
in Ref. [1] for the threshold electromagnetic pion production and compare them 
with the results of ChPT[2]. In the DMT model for the pion photo- and electro- 
production the t-matrix is given as 

t^^{E) = v^^ + v^^go{E) Un{E) (1) 

where v^^ is the 'jn transition potential, go and t-^N are the nN free propagator 
and t— matrix, respectively, and E is the total energy in the cm. frame. In the 
present study, t,rAr is obtained in a meson-exchange vrA^ model [3]. Both Vt,n and 
v^j^ are derived from an effective Lagrangian containing Born terms as well as p- 
and cu-exchange in the t-channel. 

In such approach t^rTv contains the effect of vrA^ rescattering to all orders. 
However, we have found that only the first order rescattering contribution, i.e. 
the 1-loop diagram, is important. In Table 1, the results obtained up to tree, 
1-loop, and 2-loop approximations for all four possible pion photoproduction 
channels are listed and compared to the experiments and ChPT results[2]. We 
see that for tt" production from both proton and neutron, it is necessary to include 
one-loop contribution while tree approximation is sufficient for the charged pion 
productions. 

Table 1. Threshold values of Eq+ (in units 10~^/m^). 





Tree 


1-loop 


2-loop 


Full 


ChPT 


Exp 




-2.26 


-1.06 


-1.01 


-1.00 


-1.1 


-1.33±0.11 




27.72 


28.62 


28.82 


28.85 


28.2 ±0.6 


28.3 ±0.3 




0.46 


2.09 


2.15 


2.18 


2.13 




7r~p 


-31.65 


-32.98 


-33.27 


-33.31 


-32.7 ±0.6 


-31.8 ±1.9 
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We present results from a partial-wave analysis of pion-nucleon elastic and 
charge-exchange data, covering the region from threshold to a lab pion kinetic 
energy of 2.1 GeV, employing a coupled-channel formalism to simultaneously fit 
7T~p — * rjn data to 0.8 GeV. The main result, fit FA02, has been constrained by 
a complete set of dispersion-relation constraints, from 20 MeV to 1 GeV, and 
from t = to -0.4 (GeV/c)^. This represents an improvement, in the number 
and range of constraints, as compared to our previous SM95 analysis[l]. 

We have applied a number tests to our solution, including fits with fewer or no 
dispersion-relation constraints, fits excluding the charge-exchange data base (to 
gauge the size of charge-symmetry violation), and fits using a different Coulomb 
correction schemes. A modified form of the Nordita method has been used in 
the final FA02 result. We have also examined the sensitivity of the resonance 
extraction to a method commonly used to determine Breit-Wigner parameters. 
We now fit data directly in determining these BW parameters, as opposed to 
fitting single-energy solutions, as was done for SM95. 

Our results for the pion-nucleon coupling constant and sigma term have not 
changed significantly with the addition of further dispersion-relation constraints 
or the inclusion of eta-production data. Somewhat surprisingly, the Sn partial- 
wave is also quite similar to that seen in SM95. However, the revised fitting 
strategy has resulted in a width for the Sii(1535) which is now more in line with 
the PDG average. 
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The last full Karlsruhe partial wave analysis of vrA^ scattering was finished ca. 
20 years ago [1,2]. After that a huge pile of new accurate vrA^ scattering mea- 
surements has emerged with which the old analysis is not completely compatible. 
We are making a highly modernized version of the old analysis to all (recent 
and old) data, aiming to pay particular attention to the discrepancies between 
different data sets and to the handling of the experimental errors as well as to 
the electromagnetic corrections and the effects of isospin breaking [3]. 

The most essential feature of our analysis is the use of fixed-t dispersion 
relations as constraints. Instead of working with dispersion integrals directly, 
special series for the invariant B- and C-amplitudes are used: 

n 

C{u, t) = Cn{i^, t) + H{Z, t) J2 t) . 

Here the base functions Z'^{v,t) are conformal mappings with the proper ana- 
lytic structure [4], and H{Z,t) is a factor describing the expected asymptotic 
behaviour. When fitting the coefficients Cj, convergence and smoothness of the 
fit are achieved using the convergence test function method, i.e. minimizing not 
only the pure x^? but the sum + $, where $ is the penalty function of the 
CTF method [4]. 

At the time of writing [i.e. October 2003) we are testing the machinery with 
the old KA85 solution [2] excluding all of the experimental input, in order to find 
out the possible internal inconsistencies of our implementation. 
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We study = ^ baryon resonances as generated by chiral coupled-channel 
dynamics in the BS(3) approach [1,2,3]. Parameter-free results are obtained in 
terms of the Weinberg- Tomozawa term predicting the leading s-wave interaction 
strength of Goldstone bosons with baryon-decuplet states [4]. In the 'heavy' 
SU(3) limit with m^r = rriK ~ 500 MeV the resonances turn into bound states 
forming a decuplet and octet representation of the SU(3) group. Using physical 
masses the mass splitting are remarkably close to the empirical pattern. 

Our effective field theory is based on the assumption that at subthreshold 
energies the scattering amplitudes can be evaluated in standard chiral pertur- 
bation theory. Once the available energy is sufficiently high to permit elastic 
two-body scattering a further typical dimensionless parameter m|^/(8 7r/^) ~ 1 
arises if strangeness is considered explicitly. Since this ratio is uniquely linked 
to two-particle reducible diagrams it is sufficient to sum those diagrams keeping 
the perturbative expansion of all irreducible diagrams. We suggest to glue s- 
and u-channel unitarized scattering amplitudes together at subthreshold energies 
[3,4]. This construction reflects our basic assumption that diagrams showing a s- 
or u-channel unitarity cut need to be summed to all orders at least at energies 
close to where the diagrams develop their imaginary part. By construction, a 
glued scattering amplitude satisfies crossing symmetry exactly at energies where 
the scattering process takes place. At subthreshold energies crossing symmetry is 
implemented approximatively only, however, to higher and higher accuracy when 
more chiral correction terms are considered. Insisting that the scattering ampli- 
tude reproduces the interaction kernel at subthreshold energies guarantees that 
subthreshold amplitudes match smoothly and therefore the final glued amplitudes 
comply with the crossing-symmetry constraint to high accuracy. 
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Matthias Frink 
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In a theory with Nf hght quark flavours spontaneous breaking of chiral sym- 
metry SU{Nf)v X SU{Nf)A — > SU{Nf)v entails Nj — 1 (approximately) massless 
Goldstone bosons. Order parameters, i. e. vacuum expectation values of opera- 
tors transforming non-trivially under the broken symmetry group, are a useful 
tool to examine symmetry breaking. Examples of chiral order parameters are the 
quark condensate and Goldstone boson decay constants. 

Chiral order parameters O are conjectured to behave paramagnetically with an 
increasing number of light quark species, i. e. 0{Nf+i) < 0{Nf) [1]. Fields of 
relevance and possibel applications are e. g. the determination of hadron masses, 
the applicability of Generalized ChPT and an approach to OZI rule violation in 
the scalar sector [2]. 

Descotes and Stern have analyzed the role of chiral order parameters in the 
mesonic sector [1], [2]. A step towards a further investigation is the inclusion 
of meson-baryon dynamics into the analysis. 

Basic input for such calculations is the complete and minimal three-flavour 
meson-baryon Lagrangian. Its third-order portion has been formulated by Krause 
[3]. Building blocks for the Lagrangian to fourth order are besides baryon and 
meson flelds external source terms and Clifford-algebra elements. Various re- 
duction mechanisms can be used in the process of minimization, e. g. relations 
between the flelds, trace relations for SU{3), identities among Clifford-algebra 
elements, and equation of motion eliminations. Work is in progress here. 
As a flrst application we plan to calculate octet baryon masses to fourth order in 
the chiral expansion, using the infrared regularization scheme. The correspond- 
ing third-order contributions are given in [4]. Further applications comprise e. g. 
scalar baryon form factors and their low-energy relation with scattering ampli- 
tudes as well as sigma-term and strangeness content determinations. 

References 

[1] S. Descotes, L. Girlanda, and J. Stern, hep-ph/9910537. 

[2] S. Descotes, hep-ph/0012221. 

[3] A. Krause, Helv. Phys. Acta 63 (1990) 3. 

[4] P. J. EUis and K. Torikoshi, nucl-th/9904017. 



110 



Hadron Deformation and Chiral Dynamics 

A.M.Bernstein 
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The much conjectured deviation of the proton shape from spherical symmetry 
cannot be directly observed since it has spin 1/2 and therefore no quadrupole 
moment. This has led to an active field of measurements of the electromagnetic 
transition of the proton to its first excited state, the A with spin 3/2. We have 
taken accurate data at = 0.126GeV^ at the MIT/Bates accelerator with the 
out of plane spectrometer system (00PS)[1]. These and other photo- and ectro- 
pion production experiments [1,2] have observed significant non-zero electric and 
Coulomb quadrupole matrix elements which signify deviations from spherical 
symmetry in the proton and/or the A. These observed quadrupole amplitudes 
are generally an order of magnitude greater then predicted by the quark model [2]. 
As has been pointed out for years in terms of the cloudy bag model, this should 
not be surprising since quark models do not properly handle chiral symmetry or 
the pion. More recently two dynamical models of the 7*p — vrA^ reaction [3] have 
shown that the contribution of the pion cloud is the dominant one and that this 
maximizes in the vicinity of our Bates data[l] . 

In my view the dominance of pionic effects follows naturally from the spon- 
taneous breaking of chiral symmetry. The coupling of a pion (Goldstone Boson) 
to a nucleon is given L^^n = ga ■ k where g is the n — N coupling constant ( 
predicted by chiral symmetry), a is the nucleon spin, and k is the pion momen- 
tum. This interaction vanishes in the s wave and is strong in the p wave. This 
is the basis of the deviation from spherical symmetry in the nucleon since the 
pion cloud is emitted and absorbed in the p wave. Furthermore this is the same 
physical effect as is observed in the well known, long range, tensor force between 
nucleons.V)v7v = g'^ d[ ■ k cfa ■ k. 

It is an open problem to calculate the deformation in ways more strongly 
linked to QCD such as ChPT or the lattice, and to perform more measurements 
to determine the precise magnitude of the proton and A deformations. 

References 

[1] C.N.Papanicolas, International Conference on Quark Nuclear Physics, Julich, 
Germany, 2002, to be published in Europ. Jour. A C. Kunz et. al.Phys. 
Lett. B564,21(2003). N.F.Sparveris et al, to be published(2003). 

[2] A.M. Bernstein, Eur.Phys.J.Al7:349-355(2003). 

Enhanced version hep-ex/0212032, and references therein. 

[3] T. Sato and T.-S. H. Lee, Phys. Rev. Phys.Rev.C54, 2660(1996), 
S.S. Kamalov and S.N. Yang, Phys. Rev. Lett. 83, 4494 (1999). 



Ill 



Chiral Dynamics in the A(1232) Region 
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The limit of applicability of ChPT in the baryon sector is set by the excitation 
energy of the first resonance: A = Ma — Mjv ~ 293 MeV. We have recently 
proposed a systematic scheme that extends ChPT into the resonance region in a 
natural way [1] (see also [2] for a more concise explanation). 

Our power counting catches the most crucial feature of the resonance physics: 
the need for the resummation of the self-energy insertions which result in dynam- 
ical generation of the width. This is achieved by distinguishing the resonance- 
excitation energy from the other low-energy hadronic scales, such as m^. In terms 
of small expansion parameter 6, we assume that A = 0{5) while the lower-energy 
scales are of higher order, e.g., = 0(5^). The power-counting then depends 
on kinematics, namely on whether we are in the low-energy regime p ~ m„ or in 
the resonance region p ~ A, where p is a typical relative momentum. It shows 
that at low energies the A-isobar contributions are suppressed with respect to 
the nucleon ones by a power of the small parameter. One the other hand, in the 
resonance region one class of graphs — the one-A-reducible graphs — needs to 
be resummed, since each graph in this class goes as some power of l/(p — A) and 
hence does not have a well-defined power counting for p ~ A. 

After the resummation, the one-A-reducible graphs obtain a definite power- 
counting index, which is determined by the index of the self-energy. The expan- 
sion of the A self-energy begins with the one vr TV-loop, which goes of course as p^. 
Since the A-propagator in a resummed one-A-reducible graph is l/{p — A — T,), 
it counts as 1/6^ in the resonance regime. Thus, the one-A-reducible graphs are 
enhanced in the resonance region by two powers of the small parameter. 

The mechanisms of A excitation and its dynamical width generation are of 
course present in many phenomenological models. Our goal was to incorporate 
them into a systematic power-counting scheme which could extend ChPT. 

In this talk we have also discussed several applications. Most notably, the 
extraction of the magnetic moment of the A(1232), where both p ~ m^r and 
p ~ A regimes are at play simultaneously! 
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Lattice Regularized Chiral Perturbation Theory 

Bugra Borasoy^, Randy Lewis^ and Pierre-Philippe A. Ouimet^ 
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The spacetime lattice is a regularization technique for quantum field theories. 
Its application to chiral perturbation theory (ChPT) can be of interest to lattice 
QCD studies since the effective theory, lattice ChPT, is then defined in the same 
discrete spacetime as the underlying theory, lattice QCD.[1] Lattice ChPT can 
also be viewed as yet another way to implement a cut-off regularization scheme, 
somewhat comparable to Ref. [2], and with the advantage that chiral symmetry 
and gauge invariance are automatically perserved throughout any lattice ChPT 
calculation. Since lattice regularization does not rely on perturbation theory, it 
might be valuable for multi-nucleon effective field theories as well. [3] 

The simplest lattice ChPT Lagrangian is obtained by writing the standard 
ChPT Lagrangian in Euclidean spacetime and converting derivatives to finite dif- 
ferences in such a way as to preserve the desired symmetries without introducing 
doublers or ghost states. In the continuum limit, ChPT observables are inde- 
pendent of regularization scheme and continuum observables agree exactly with 
dimensional regularization. For more details, see Ref. [4]. 
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Renormalization and Power Counting in Manifestly 
Lorentz-invariant Baryon Chiral Perturbation Theory 
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The implementation of a successful effective field theory program requires two 
main ingredients, namely: (a) a knowledge of the most general effective La- 
grangian and (b) an expansion scheme for observables in terms of a consistent 
power counting method. It was shown by Gasser, Sainio, and Svarc [1] that, 
in the baryonic sector, the application of dimensional regularization in combina- 
tion with the modified minimal subtraction scheme of chiral perturbation theory 
(ChPT) does not suffice to produce a simple correspondence between the loop ex- 
pansion and the chiral expansion. A solution to this problem was first obtained in 
the framework of the heavy-baryon formulation of ChPT [2]. More recently, the 
problem was also attacked in a manifestly Lorentz-invariant form [3,4] . In Ref . [4] 
we have proposed a new renormalization scheme which makes use of finite sub- 
tractions of dimensionally regularized diagrams beyond the standard MS scheme 
of ChPT to remove contributions violating the power counting. Such subtrac- 
tions can be realized in terms of local counterterms in the most general effective 
Lagrangian. Our approach may be used in an iterative procedure to renormalize 
higher-order loop diagrams and also allows for implementing a consistent power 
counting when vector (and axial- vector) mesons are explicitly included [5]. 
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Baryon ChPT with Vector Mesons 
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^High Energy Physics Institute, Tbihsi State University, 380086 Tbihsi, Georgia 

By considering characteristic self-energy and vertex Feynman diagrams [1] we 
have demonstrated that the inclusion of explicit virtual (axial) vector particles in 
manifestly Lorentz-invariant baryon chiral perturbation theory does not violate 
the power counting if one uses the extended on-mass-shell (EOMS) renormaliza- 
tion scheme of Ref. [2]. This renormalization procedure can also be (iteratively) 
applied to multiloop diagrams leading to a consistent power counting. 

We have reformulated the IR regularization of Becher und Leutwyler [3] in 
a form analogous to the EOMS renormalization scheme [4]. Within this new 
formulation the subtraction terms are found by expanding the integrands of loop 
integrals in powers of small parameters (small masses and Lorentz-invariant com- 
binations of external momenta and large masses) with subsequent exchange of 
integration and summation. Within this new formulation of IR regularization one 
does not necessarily need to use dimensional regularization. The renormalized 
results are regularization scheme independent. 

The IR regularization in its new formulation can be easily applied to diagrams 
with an arbitrary number of propagators with various masses (e.g. resonances) 
and/or diagrams with several fermion lines as well as to multiloop diagrams. 

Applying IR regularization in our formulation to EFT with explicit vector 
mesons in the antisymmetric tensor field representation and analyzing the dia- 
grams contributing to the electromagnetic form factors of the nucleon to 0{q^), 
we observe that in Ref. [5] all relevant loop integrals have actually been taken 
into account. This is due to the fact that those loop integrals involving vector 
mesons which formally contribute at a given order vanish in IR regularization. 
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Baryon ChPT with Infrared Regularization: Update 

Paul J. Ellis 

School of Physics & Astronomy, University of Minnesota 
Minneapolis, MN 55455, USA 

In order to preserve power counting, loop integrals which involve both baryon 
and meson propagators are often evaluated using the heavy baryon (HB) approxi- 
mation. Infrared regularization (IR) is an alternative method proposed by Becher 
and Leutwyler [1] which retains only the infrared singular part of the integral; 
the remainder can be expanded in a Taylor series and absorbed in the low energy 
constants. The IR part includes the corresponding HB result, thus preserving 
power counting, and also sums an infinite series of (baryon mass)^" corrections 
which appear in higher orders in the HB scheme. This gives the correct analytic 
behavior in threshold regions which is not always true in the HB case. 

HB results for the baryon masses in SU(3) give third order contributions of 
similar magnitude to second order, whereas using IR they are smaller by roughly 
a factor of a half so that the convergence is much improved [2]. The convergence 
of the chiral expansion for electromagnetic form factors through fourth order [3] 
is also improved when IR is employed. Including vector mesons explicitly, IR 
yields a good account of the data. In vr — scattering the IR representation does 
not allow a sufficiently accurate extrapolation [4] from the threshold region to the 
unphysical Cheng-Dashen point. Further in the physical region [5] IR allows a 
fit to the phase shifts only over a much more limited region than the HB scheme 
and even then the parameters are unreasonable. An IR study of the baryon octet 
axial vector currents shows poor convergence even when the decuplet is included 
[6]. (For discussion of the spin structure of the nucleon see V. Bernard, Plenary 
Session 2). Overall the picture is mixed at the moment. 
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We discuss the use of cutoff methods in chiral perturbation theory [1]. We de- 
velop a cutoff scheme based on the operator structure of the effective field theory 
that allows to suppress high momentum contributions in Goldstone boson loop 
integrals and by construction is free of the problems traditional cutoff schemes 
have with gauge invariance or chiral symmetries. As an example, we discuss the 
chiral expansion of the nucleon mass. Contrary to other claims in the literature 
we show that the mass of a nucleon in heavy baryon chiral perturbation theory 
has a well behaved chiral expansion up to effective Goldstone boson masses of 
400 MeV when one utilizes standard dimensional regularization techniques. With 
the help of the here developed cutoff scheme we can demonstrate a well-behaved 
chiral expansion for the nucleon mass up to 600 MeV of effective Goldstone Bo- 
son masses. We also discuss in detail the prize, in numbers of additional short 
distance operators involved, that has to be paid for this extended range of appli- 
cability of chiral perturbation theory with cutoff regularization, which is usually 
not paid attention to. We also compare the fourth order result for the chiral 
expansion of the nucleon mass with lattice results and draw some conclusions 
about chiral extrapolations based on such type of representation. In particular, 
the recent CP-PACS data [2] can be well represented by the fourth order dimen- 
sionally regularized nucleon mass expression with LECs consistent with values 
obtained from the analysis of pion-nucleon scattering, see e.g. [3,4]. 
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Charge Symmetry Breaking in Pion Production ^ 

U. van Kolck^'^ 

^Department of Physics, University of Arizona, 
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Upton, NY 11973, USA 

Charge symmetry is a rotation of it around the y axis in isospin space. One 
of the most important low-energy consequences of charge-symmetry breaking 
is the proton-neutron mass splitting ArriN = nip — rrin = —1.3 MeV, which 
receives contributions from both the quark- mass difference — denoted SrriN — and 
electromagnetism — denoted SrriN. At least one other suitable CSB observable is 
needed to separate these two low-energy constants. 

The approximate chiral symmetry of QCD implies [1] that there are two sets 
of pion-nucleon interactions with strengths fixed by 6mN and drriN, respectively. 
Assuming (5m at > as in most models, it was predicted in Ref. [2] that the 
corresponding contributions to the front-back asymmetry in the reaction pn — >• 
dn^ near threshold would be 1-2 times larger, but in the opposite direction, than 
the sum of other, more conventional mechanisms. This prediction has recently 
been confirmed at TRIUMF [3]. 

In addition, an unambiguous signal was seen at lUCF for the CSB reaction 
dd —>■ air^ near threshold, resulting in a cross-section of about 10 pb [4]. A group 
of theorists is now working on the evaluation of the effects from these (and other) 
interactions [5]. 

The corresponding two-pion exchange two-nucleon potential has also been 
calculated [6], but its effects on CSB observables are generically small. 
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Observation of the Charge Symmetry Breaking 
d + d ^ ^He + 7r° React ion near Threshold 

E.J. Stephenson, for the CSB CoUaboration 

Indiana University Cyclotron Facility, 
Bloomington, IN 47408 USA. 

We report the first observation of the isospin violating and charge symmetry 
breaking (CSB) d + d — > ^He + vr^ reaction near threshold. The measurements 
were made with the Indiana University electron-cooled storage ring. A magnetic 
channel was constructed just downstream of a 6° bending magnet to separate the 
forward-going "^He recoil nuclei from the circulating beam. A deuterium gas jet 
target was placed upstream of the bend and surrounded by two arrays of Pb-glass 
detectors to signal the presence of photons from the decay of the vr". The for- 
mation of a CSB 7r° was separated from the continuum of isospin-allowed double 
radiative capture ^He -I-7 + 7 events by measuring the ^He recoil momentum and 
reconstructing the pion missing mass. The 4-momentum measurement depended 
upon the ^He time of flight in the channel and scattering angle. A clean sample of 
candidate events was produced by requiring the correct energy loss in the channel 
scintillators and the presence of two coincident 70-MeV photons in the Pb-glass 
arrays. The CSB vr^s showed a clear peak above the double radiative capture 
continuum. 

Measurements were made at two energies to verify the algorithms for pion 
reconstruction. The total CSB cross section was found to be 12.7 ± 2.2 pb at 
228.5 MeV and 15.1±3.1 pb at 231.8 MeV [1]. The systematic errors of 6.6% were 
considerably less than the statistical errors from background subtraction. These 
measurements are consistent with S-wave pion production and are proportional 
to ?7 = p^/m^r with a slope of cttot/'? = 80 ± 11 pb. The integral of the double 
radiative capture process for the 2 MeV range just below the kinematic limit in 
missing mass was 6.9 ± 0.9 pb at 228.5 MeV and 9.5 ± 1.4 pb at 231.8 MeV. 

Charge symmetry breaking effects arise fundamentally from the differences in 
the masses of the down and up quarks and differences in their electromagnetic 
interactions. These two effects give rise to the neutron-proton mass difference. A 
detailed analysis of the d + d ^ ^He + tt^ reaction is underway [2] . It will include 
entrance channel distortions, modern wavefunctions, and the contributions to 
CSB from meson mixing (tt^ — 77 and — uj). 
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Recently, chiral perturbation theory was used to obtain a consistent model of 
NN and 3N interactions (see [1]). The model is able to describe nd scattering up 
to at least 65 MeV reasonably well. The chiral 3N force has two a priori unknown 
constants, which were determined using the 3N binding energy and the doublet 
nd scattering length. The resulting 3N force could also describe the ^He binding 
energy. 

In Ref. [2] it was found that the binding energy of the p-shell nuclei are 
sensitive to the 3NF structure. A simple 3NF model, which is able to describe the 
3N and 4N systems, at least at low energies, does not provide the correct binding 
and excitation energies for p-shell nuclei. This can be resolved by additional 
3NF terms. The aim of this study is to understand the effects of chiral NN and 
3N interactions on these spectra. The Schrodinger equation for p-shell nuclei is 
solved using the no-core shell model approach [3]. Here we concentrate on ^Li. 

We need to establish the convergence with respect to the chiral expansion. 
The calculation shows that the p-shell binding energies are affected by NNLO 
contributions, which is the highest order in the chiral expansion, we take into 
account. We also find variations of the order of 1.5 MeV varying the cut-off of 
our interactions. This indicates that our binding energies can not be predicted to 
a higher accuracy at this order. The excitation energy is also affected by NNLO 
contributions. The cut-off dependence indicates that the error of the NNLO 
prediction is 200 keV. The experimental value is within the predicted range. We 
have also established that the 3NF terms can change the excitation energy and 
binding energy of ^Li, even if the and ^He binding energies remain constant. 
The error estimates hint to visible N3L0 contributions, which will be subject of 
a forthcoming study. More details of this work can be found in [4]. 

The work was supported in parts by grants from the NSF and DOE. The 
numerical calculations have been made at NERSC. 
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Solar Neutrino Reactions and Effective Field Theory 
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Many astrophysical phenomena are governed by low-energy nuclear weak- 
interaction processes, and effective field theory (EFT) is believed to be a useful 
framework for describing them. I present here a comparison of EFT with the 
standard nuclear physics approach (SNPA), focusing on the ud reactionsrelevant 
for the SNO experiments. The low-energy ud reactions are dominated by the 
spatial component of the axial current, A = Aone + ^t«)05 a sum of 1-body and 
2-body terms. Aone being well known, one's task is to pin down Afwo- In SNPA, 
Atwo is derived from pion, rho and Ai meson exchange diagrams [1], devised 
to fulfill the low-energy theorems, current algebra, etc. SNPA contains some 
unsatisfactory aspects: (1) There is no obvious link between SNPA and QCD; 
(2) It does not offer a systematic way to estimate theoretical uncertainties; (3) 
Low-energy physics {E<^m-^) and high-energy physics {E>m.,^) are intermingled. 
EFT can resolve these problems. 

The terms in the EFT lagrangian, form a perturbation series in powers 
of (Q/A;^), where Q is a typical energy of the process in question. In [1] we 
used EFT* wherein the operators are derived from £^ while the nuclear wave 
functions are generated from a realistic A^A^ potential. The At^o in [1] involves 
a pion-exchange and a four-nucleon contact term with one LEC. Since this LEC 
is determined from the triton /3-decay rate, EFT* allows a model-independent 
calculation of the vd cross sections[l]. The results agree with those obtained in 
SNPA to 1 % . Butler et al.'s EFT calculation [2] has one unknown LEC, Lia, 
which was adjusted to reproduce the p-d cross sections calculated in [1]. The 
attempts to constrain Lia from experimental values of observables are not yet 
very stringent. 
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Solar-Neutrino Reactions on Deuteron in EFT* and 
Radiative Corrections of Neutron Beta Decay 

Shung-ichi Ando 
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The cross sections for low-energy neutrino-deuteron reactions are calculated 
within heavy-baryon chiral perturbation theory employing a cut-off regulariza- 
tion scheme [1]. The transition operators are derived up to next-to- next-to-next- 
to-leading order in accord with the Weinberg counting rule, while the nuclear 
matrix elements are evaluated using wave functions generated by a high-quality 
phenomenological A^A^ potential. Only one unknown low-energy constant ap- 
pears in our calculation, the axial-current-four-nucleon coupling constant, which 
is fixed by using data from tritium beta decay[2]. Our results exhibit a high 
degree of stability against different choices of the cutoff parameter, a feature 
which indicates that, apart from radiative corrections, the uncertainties in the 
calculated cross sections are less than 1%. We also discuss the feasibility of fix- 
ing the low energy constant through the accurate measurement of the ordinary 
muon capture rate on the deuteron being planned at PSI, which would avoid the 
complication of the three-body current in tritium beta decay [3]. 

The lifetime and angular correlation coefficients of neutron beta decay are 
also evaluated up to next-to- leading order in effective field theory [4], where pi- 
ous are integrated out because of the small typical energy. Up to this order the 
nucleon recoil corrections, including weak-magnetism, and the radiative correc- 
tions are calculated. Our results agree with those of the long-range and model- 
independent part of previous calculations. Moreover, in the effective theory the 
model dependent "inner" radiative corrections are replaced by a well-defined low 
energy constant. Based on the counting rule of the effective theory, we estimate 
the accuracy of our results to be of the order of 10~^. 
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Compared with EFT's for the corresponding two-body systems, it has proved 
much more comphcated to determine the power counting for three-body systems 
with short-range forces and large two-body scattering lengths. This is particularly 
true of attractive systems such as three bosons or the triton. 

As shown by Efimov [1], the wave functions at short distances satisfy a 2D 
Schrodinger equation with an attractive potential. These wave functions 
are ill-defined without a boundary condition to ensure that no flux is lost at 
the centre and to fix the phase of the wave functions for small r (a self-adjoint 
extension). The resulting wave functions have the form sin(so lnr/i?o) as r — > 0. 

Using the distorted- wave RG [2], we apply a cut-off at E = ±A^/M on the 
distorted waves and bound states of this potential, and follow the RG flow of 
the three-body forces as A — 0. The oscillatory behaviour of the wave functions 
means that the potential tends to a limit cycle. Since the amplitude of these 
oscillations is constant as r — > 0, the power counting for perturbations is the 
same as that for a 2D system with zero angular momentum. This implies that 
the leading, energy- independent interaction is marginal [3]. 

We flnd the following power counting for these systems. At LO (A°) there 
is the marginal three-body force. This corresponds to the RG limit cycle and it 
determines the phase of the wave functions as r — > 0. At NLO (A^) the two- 
body effective range appears as a perturbation. Then at NNLO (A^) we have an 
energy-dependent three-body force, along with the two-body effective range at 
second order. This agrees with the counting obtained by Bedaque et al. [4] using 
the Skorniakov-Ter-Martirosian equation with a momentum cut-off. 
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DEAR - Kaonic Hydrogen: First Results 



M. Cargnelli"', G. Beer% A.M. Bragadireanu"'*^, C. Curceanu (Petrascu)"''^, 

J. -P. Egger^'^, H. Fuhrmann'^, C. Guaraldo'^, M. Iliescu", T. Ishiwatari'^, 
K. Itahashi^, M. Iwasaki-^, P. Kienle'^, B. Lauss , V. Lucherini'^, L. Ludhova , 
J. Marton'^, F. Mulhauser^ T. Ponta'^'^ L.A. Schaller^ R. Seki^''^, D. SirghP, 
F. Sirghi", P. Strasser^^ , J. Zmeskal'^ 

''INFN - Laboratori Nazionali di Frascati; ''Universite de Fribourg; '^Universite 
de Neuchatel; ''institute for Medium Energy Physics, Vienna; ^Institute of 
Physics and Nuclear Engineering, Bucharest; ■^RIKEN, Saitama; ^Tokyo 

Institute of Technology; ^University of California and Berkeley; * University of 
Victoria; ■'California Institute of Technology; '^'California State University 

The DEAR^ experiment [1] measures the energy of X-rays emitted in the 
transitions to the ground states of kaonic hydrogen. The shift e and the width F 
of the Is state are related to the real and imaginary parts of the complex S-wave 
scattering length by the Deser Trueman formula. 
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Figure 2: Background subtracted 
energy spectrum of kaonic hydrogen. 
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The preliminary results are: e= - 183 ± 62 eV and r= 213 ± 138 eV. Both 
values are smaller then those from the previous experiment [2] and consistent 
with recent theoretical studies [3]. 

Part of the work was supported by "Transnational access to Research Infras- 
tructure" (TARI) Contract No. HPRI-CT-1999-00088. 
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Comments on KN Scattering 

Jiirg Gasser 

Institute for Theoretical Physics, University of Bern 
Sidlerstrasse 5, CH-3012 Bern, Switzerland 

The DEAR collaboration has investigated the ground state of Kp atoms, in 
particular, the energy level shift and width eis due to strong interactions [1]. 
The quantity eis is related to the elastic threshold amplitude [2], 

61, = -2a'filTg{l + X) . (1) 

Here, denotes the amplitude in pure QCD in the isospin symmetry limit 
rriu = rrid, and the quantity X stands for isospin symmetry breaking corrections. 
These are presently evaluated [3] in the framework of effective non relativistic 
quantum field theories [4]. To work out the implication of a precise measurement 
of eis on the kaonic sigma terms [5] requires a complex theoretical analysis. 1 
have suggested in my talk a more modest aim as an intermediate step: Calculate 
the amplitude as precisely as possible, based on a framework that relies on 
QCD (incorporating chiral symmetry at least), and compare with (1). Available 
predictions [6,7] differ considerably - it would be instructive to investigate how 
these calculations can be made more precise. 

References 

[1] See the contribution of M. Cargnelli at this workshop. 

[2] S. Deser, M. L. Goldberger, K. Baumann and W. Thirring, Phys. Rev. 96 
(1954) 774; T. L. Trueman, Nucl. Phys. 26 (1961) 57. 

[3] Ulf-G. MeiBner, U. Raha and A. Rusetsky, work in progress. 

[4] See the contributions of J. Schweizer and P. Zemp at this workshop. 

[5] S. Bianco et al. [DEAR Collaboration], Riv. Nuovo Cim. 22N11 (1999) 1. 

[6] N. Kaiser, P. B. Siegel and W. Weise, Nucl. Phys. A 594 (1995) 325 
[arXiv:nucl-th/9505043]. 

[7] J. A. Oiler and U. G. MeiBner, Phys. Lett. B 500 (2001) 263 [arXiv:hep- 
ph/0011146]. 



126 



On Pionic and Kaonic Hydrogen 



A. N. Ivanov, M. Cargnelli, M. Faber, A. Hirtl, J. Marton, N. I. Troitskaya, 

and J. Zmeskal 

Atominstitute, Vienna University of Technology and Institute of Medium 
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In [1] the energy level displacement of the ground state of hadronic hydrogen 
Ahp, where h = it or K, has been expressed in terms of the amplitude M{h^p — > 
h~p) of h~p scattering, weighted with the wave function of hadronic hydrogen 
in the ground state 

_ , -lii _ 1 f d^k r d?q I nih-mp / mh-rrip 

X <l>l{k)M{h-ik)pi-k,ap) h-{q)pi-q,ap))<l>uiq). (1) 

The knowledge of the amplitude of h~p scattering for arbitrary relative momenta 
should give the possibility to calculate explicitly the energy level displacement. 
The low-energy limit /c, g — > 0, justified by the wave functions ^\g{k ) and ), 
reduces (1) to the DGBT formula [2]. In [1] (nucl-th/0310027) formula (1) has 
been generalized to arbitrary excited ni states of the hadronic atom Ahp. In 
[1] (nucl-th/0310081) we have suggested a model of low-energy K~p scattering 
near threshold of the K~p pair. We have assumed that the amplitude of K~p 
scattering near threshold is fully defined by the contribution of three resonances 
A(1405), A(1800) and S(1750) and a smooth elastic background. We predict 
the energy level displacement of the ground state of kaonic hydrogen [1] — ei^ + 
iris/2 = (—203 ± 15) + i (113 ± 8) eV fitting well preliminary experimental data 
by the DEAR Collaboration -e^f + = (-183 ±Q2) + i (106 ± 69) eV [3]. 
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Deser-type Formula for P ionic Hydrogen 

Peter Zemp 
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The decay width of the ground state of pionic hydrogen is dominated by the two 
decay channels (7r~p)is — > vr^n and {7r~p)is — ^ wy. Using 5 as a common counting 
for the light quark mass difference rriu — rrid and for the fine-structure constant 
a, the leading term of the former (latter) decay channel is of order 5''/^ (5^). 
The decay width through these two channels can be expressed by a Deser-type 
formula 

Fi, = 4 a^M^q, (^1 + [a,-p^,o„(l + 5^)]^ . (1) 

Since the Panofsky ratio P = a^n^p -K^n) / aiji^p ny) is about 1.5, the 
77-7 channel amounts to a 60% correction. To the best of my knowledge, this 
formula was first established in the framework of potential models [1]. I want to 
verify its validity in QCD + QED, using the technique of non-relativistic effective 
field theories [2]. Constructing the effective Lagrangian and solving the master 
equation, one encounters the obstacle that the photon in the intermediate state 
carries a hard momentum of order M^^. To circumvent this problem, I do not 
incorporate 727 intermediate states with effective fields. Instead I introduce a 
non-hermitian contact term [2] (cf. also [3]) in the Lagrangian with the coupling 
+ idi, 

Cp = (df + id{) ij\x)^{x) 7ri(x)7r_(x) . (2) 

The imaginary part d{ replaces the imaginary part generated by the intermediate 
n7 state. With this contact term, I can prove that formula (1) is valid at order 5^. 
It remains to evaluate Fi^ at order 5^^'^ and to determine 5^ in equation (1) [4]. 
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Atoms Consisting of tt'^tt and ttK Mesons 

L.Nemenov^ 
^JINR, Dubna 

Using experience obtained in the DIRAC experiment at CERN [1] new exper- 
iments are proposed for CERN PS and J-PARC in Japan [2] to check precisely 
predictions of low energy QCD. 

These experiments aim to measure the tt+tt^ atom (A2,r) lifetime with preci- 
sion better than 6% and to determine the S-wave tttt scattering length difference 
|ao — 02! at 3%. Simultaneously with the A2tt investigation DIRAC plans to ob- 
serve 7iK atoms (At^k) and to measure their lifetime at the 20% level in order to 
evaluate the S-wave nK scattering length difference \ai/2 — 03/2! at 10%. 

Furthermore the observation of long-lived (metastable) A2tt states is also en- 
visaged to be done in the same setup. This allows to measure the energy difference 
between nS and nP states and to determine in a model- independent way 2ao + 02- 

Low energy QCD [3] predicts vrvr scattering lengths at 2% [4,5] and irK scat- 
tering lengths at 10% [6,7]. These scattering lengths have never been verified 
experimentally with the same accuracy as theoretically predicted. 

The theoretical results have been obtained assuming strong condensation of 
quark- antiquark pairs in the vacuum. Therefore the proposed experiments will 
test crucially low energy QCD predictions and accordingly our understanding of 
the nature of the QCD vacuum [8]. 
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Deeply bound pionic atoms can be considered as a laboratory to test the effects 
of baryon density on chiral symmetry breakdown [1] . The present effective field 
theory approach to this problem is provided by the in-medium ChPT [2], which 
treats the nucleus as an infinite and uniform Fermi-sea of protons and neutrons. 
The results are then expressed through a local Fermi momentum k{r) [3] with 
some (arbitrary) prescription. Such arbitrariness is worrisome especially for the 
case at hand, in which the bound state wave function is picked at the nuclear 
surface, due to a balance between Coulomb attraction and strong repulsion. 

In Ref. [4] we give a consistent formulation of ChPT in a non-uniform fermionic 
background, corresponding to the (finite) nucleus. The nuclear structure informa- 
tion is encoded in a set of nuclear matrix elements of free-nucleon field operators. 
Chiral counting applied to the above matrix elements allows to reduce consider- 
ably the nuclear input needed. As an application we calculate the charged pion 
self-energy in the background of a heavy nucleus at 0{p^) of the chiral expan- 
sion, including consistently all isospin-breaking effects arising at this order. Finite 
nuclear size effects in the pion-nucleus optical potential are identified unambigu- 
ously, without any ad-hoc prescription such as local density approximation. 

However, in order to be relevant phenomenologically, this analysis has to 
be extended to 0{p^), beyond the linear density approximation for the optical 
potential. We plan to address this issue in future publications. 
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All-Order Low-Energy Expansion in the 3-Body System 



Harald W. Griefihammer^ 
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In "pion-less" Effective Field Theory, the power-counting in the 3-body system 
with a shallow two-body bound state was extended and systematised to all orders 
in the low-energy expansion in Ref. [1] . The analytical considerations rest on the 
tenet that a 3-body force (3BF) is included if and only if necessary to cancel cut- 
off dependences in observables at a given order. The one momentum-independent 
3BF needed for cut-off independence up to NLO in the ^Si (triton) channel is de- 
termined by the three-body scattering length. One and only one new parameter 
enters at NNLO, namely the Wigner-5't/(4)-symmetric 3BF with two derivatives, 
fixed to reproduce the triton binding energy. Only the S'f/(4)-symmetric 3-body 
forces are systematically enhanced over their contributions found from a naive 
dimensional estimate, with a 2n-derivative 3BF entering at the 2?7,th order. A 
new, computationally convenient and simple scheme to perform higher-order cal- 
culations in the three-body system iterates a kernel to all orders, which has been 
expanded to the desired order of accuracy. The nd scattering phase shifts agree 
well with phase shift analysis and modern potential model calculations. 

In contradistinction, Wigner-symmetric 3BFs are suppressed compared to 
naive dimensional analysis in all other partial waves [2]: In the Ith partial wave of 
the spin doublet (A = 1) and quartet (A = — |) channels, the amplitude converges 
for large off-shell momenta p as with sq the solution to 

1 + 1 + So l + l-sp ^^ 3 1" 
2 ' 2 ' ^2'4_ 

Except in the ^Si channel, the asymptotics is always weaker than in the naive 
analysis (sq = 1). Thus, effective range corrections in the two-body system 
containing n external momenta need 3BFs with m derivatives to absorb UV 
divergences only when n > Re[m-|-2so]. For example, the first Wigner-symmetric 
3BF in the '^Sa channel is demoted from N^LO to N^LO, suggesting that two-body 
physics rules this channel to very high accuracy. 

Sponsored in part by DFG Sachbeihilfe GR 1887/2-1 and BMBF. 
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New Results in the Three and Four Nucleon Systems 

Timothy Black 
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Recent measurements of the n-d and n-^He bound coherent scattering lengths, 
conducted at the Neutron Interferometer and Optics Facility at NIST, are in 
significant disagreement with exact calculations of these observables using mod- 
ern NN+3NF potentials[l,2]. The bound coherent n-d scattering length was 
measured to be bnd = (6.665 ± 0.004) fm, which yields a new world average 
for this parameter of bnd = (6.669 ± 0.003) fm[3,4]. The bound coherent scat- 
tering length is related to the free doublet and quartet scattering lengths by 
bnd = ^°rn^" (1*^2 + §04). Combining the new world average for bnd with cal- 
culated values of '^and yields a value for the free doublet scattering length of 
'^and = (0.645 ± 0.003[expt] ± 0.007[thry]) fm. 

In the n-^He system, the bound coherent scattering length was measured as 
bn^Rc = (5.857 ± 0.007) fm, which yields a new world average for this parameter 
of bn^uc = (5.854 ± 0.007) fm. Combining these measurements with Zimmer's 
result for the bound incoherent scattering length of bi = (—2.365 ± 0.020) fm[5], 
one obtains the free singlet and triplet scattering lengths for the n-^He system; 

= (7.456 ± 0.026) fm, and ai = (3.364 ± 0.010) fm, respectively. The extreme 
precision of these new measurements in the n-d and n-^He systems renders them 
suitable for use in high-order, contemporary EFT calculations. 
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Despite the tremendous progress made by few-body theory — by numerically 
exact calculations using precision meson-exchange nucleon-nucleon potentials in- 
cluding different three-body forces and, recently, in applying realistic effective- 
field theory — a number of long-standing low-energy puzzles are still unsolved. 
These are: the d+N elastic cross section (Sagara) anomaly, the Nd elastic Ay 
(and iTii) puzzle, the Nd breakup anomaly in the space-star (SST) configu- 
ration, and the new Nd breakup anomaly in the quasi-free scattering (QFS) 
configuration. 

For the pd system the data base is much larger, with mostly better-quality 
data, than for the nd system. For a general survey see [1]. In order to compare 
low-energy pd data to realistic calculations inclusion of the Coulomb force is 
mandatory. This has been achieved for Faddeev calculations of elastic scattering 
observables (see e.g. Fig. 1) whereas for the pd breakup this is still eagerly 
awaited. Some breakup data (e.g. in the SST and QFS, but not in the final-state 
interaction configu- 
rations) exhibit large 
Coulomb effects [2] . 
Fig. 2 shows the low- 
energy systematics 
of nd vs. pd SST 
cross sections. The 
unsolved puzzles call 
for new theoretical 
efforts with different 
three-body forces or 
modifications of the 
two-nucleon input. 
Also measurements of 
new observables and 
in larger phase-space 
areas may be useful. 
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Fig. 1: Polarization transfer coefficients compared to re- 
alistic calculations, also including the UR IX three-body 
and the Coulomb force [3]. Fig. 2: Comparison of nd vs. 
pd breakup cross sections in the symmetric space-star 
configuration at various energies. 
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We discuss a new twist to the long-standing nucleon-deuteron analyzing power 
puzzle. The new low-energy neutron-deuteron Ay{6) data at En = 1.2 and 
1.9 MeV [1] revealed a sizeable difference when compared to proton-deuteron 
data. This difference cannot be accounted for by the Coulomb interaction (in the 
case of p-d scattering) and it is orders of magnitude larger than expected from 
charge-symmetry breaking effects in the ^Pj NN interactions. We speculate that 
the experimentally observed effect is due to the different magnetic moment in- 
teractions between neutrons and protons and the deuteron target nuclei. Recent 
calculations support this conjecture [2,3]. The proton-deuteron angular distribu- 
tion for Ay{6) is considerably affected by the magnetic moment interaction, while 
for neutron-deuteron scattering the effect is restricted to very forward angles. 

We present proton-deuteron phase-shift analysis results [4] that clearly show 
that the discrepancy between the experimental ^Pj proton-deuteron 3N phase 
shifts and the theoretically predicted ^Pj phase shifts (i.e., the Ay puzzle) in- 
creases with increasing energy. This is in contrast to the observation that the 
discrepancy between Ay{6) data and calculations decreases with increasing en- 
ergy. This finding suggests that Ay (6) is not dominated anymore at higher ener- 
gies by the ^Pj 3N phase shifts. Sensitivity calculations for Ay{6) with varying 
"^Pj phase shifts support this conjecture. 

We argue that the 3N Ay (9) puzzle cannot be solved by concentrating on the 
3N system alone. In the 4N system the p-^He elastic scattering Ay (6) shows an 
even larger discrepancy (40%) between data and calculations than observed in 
the 3N system (25%). Ay (6) data for n-^He elastic scattering are needed to make 
further progress. 
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The measurement of exclusive deuteron-proton breakup, employing a detec- 
tion system covering large fraction of the available phase space and using 130 MeV 
polarized deuteron beam has been performed at KVI Groningen. Theoretical 
calculations [1] predict large but generally model dependent three-nucleon force 
(3NF) effects in certain regions of the breakup phase space for different experi- 
mentally attainable observables. 

In the first step of data analysis [2] high precision fivefold cross-section values 
in 38 kinematical configurations have been extracted, using for normalization 
the simultaneously measured elastic dp-scattering data. The results have been 
compared to predictions of modern nuclear forces. To this aim the three-nucleon 
(3N) Faddeev equations have been solved rigorously using realistic NN potentials 
AV18, CD Bonn, Nijm I and Nijm II alone, and combining them with the 27r- 
exchange Tucson-Melbourne (TM) 3NF and with its modified version TM99, 
more consistent with chiral symmetry. Global comparison of the measured cross 
sections to pairwise NN force predictions only and with 3NF's included clearly 
reveals the presence of 3NF effects. 

All details of our study, showing the usefulness of the kinematically complete 
breakup reaction measured in the full phase space to search for 3NF effects, are 
presented in Ref . [3] . Further insight into details of the 3N interaction dynamics is 
expected from the undergoing analysis of the vector and tensor analyzing powers. 
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The KVI facihty allows a detailed study of few-nucleon interactions below the 
pion-production threshold exploiting polarized proton and deuteron beams up to 
energies of 190 MeV. The experimental and theoretical studies of bremsstrahlung 
in the two-nucleon scattering processes have a long-standing tradition at KVI. 
The first experimental efforts in this field date from 1995 where the pp pp+'y^*^ 
channel was measured with an incident-proton beam of 190 MeV using a co- 
incidence setup consisting of the hadron detector SALAD [1] and the photon 
spectrometer TAPS [2]. The setup allowed to determine the real (7) [3] and vir- 
tual (7* e~^e~) [4] bremsstrahlung yields. Modern state-of-the-art microscopic 
calculations based on a fuUy-relativistic framework are not able to describe the 
measured bremsstrahlung data in the two-nucleon system. 

The focus of the few-body program at KVI has recently shifted towards the 
understanding of the three-nucleon system by exploiting p + d and d + p reactions 
with polarized proton and deuteron beams. Different final states have been ob- 
served which includes the elastic, break-up, and radiative capture reactions. A 
systematic study of the elastic p + d scattering reaction has been carried out in 
which high-precision cross sections and analyzing powers have been determined 
for several bombarding energies up to 190 MeV using the Big-Bite Spectrometer 
(BBS) [5]. The data show that effective models based on a well-understood two- 
nucleon interaction are not sufficient to describe the three-nucleon pd system [6]. 
Including the most modern type of three-nucleon potentials in the calculations 
resolves only a part of the discrepancies. 
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Recent experimental results to study the three-nucleon-force {3NF) effects in 
the dp elastic scattering at intermediate energies are reported. 

One of the new measurement at RIKEN is the deuteron-to-proton polarization 
transfer (PT) coefficients for the dp elastic scattering at 135 MeV/u by Sekiguchi 
et al. [1]. Very precise data for , K^^, K^y and K^.^ are obtained for 9cm = 
90° - 180°. 

Including those new data, comparisons between the existing data [2,3] at 135 
MeV/u and the Faddeev calculations are made. 

• da/dfl and iTn are well reproduced by including 3NF, which indicates the 
clear signature of 3NFs. 

• Spin observables (T20, T2i,T22, P^' and PT coefficients) are not necessarily 
reproduced by including 3NF, which shows deficiency of present day 27r 
exchange type 3NF models. 

• Particularly the TM 3NF does a poor job while updated versions TM'(99) 
3A'^Fs respecting chiral symmetry do much better jobs similar to UR-IX 
3NF. 

• Comparisons are also made between data at 70 MeV/u [3] and recent calcu- 
lations based on the chiral effective field theory [4] , which does a reasonably 
good job for da/dfl but not much for tensor analyzing powers. 

Data for the nd [5] and pd [6] at 250 MeV/u at RCNP are also presented and 
compared with calculations. 
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In this talk, I described some of my recent work on the nuclear force and its 
dependence on quark mass [1]. My initial motivation was in connection with a 
project on the equivalence principle and dilaton couplings [2]. For a dilaton that 
couples in a way similar to a quark mass term, the least understood effects of 
its violation of the equivalence principle is the effects that comes from nuclear 
binding energies. These can be understood if one understands the quark mass 
effects on binding. However, the results obtained are interesting in their own 
right in the context of the nuclear force. 

The main innovation was to use the Omnes function technique [3] in the dis- 
persive integral that determines the scalar-isoscalar nuclear potential [4]. The 
potential is calculated in terms of its imaginary part, and the low energy contri- 
butions to the imaginary part are known in chiral perturbation theory. However, 
as one considers these at higher energies, the chiral results quickly blow up. Here 
the Omnes technique becomes useful. By matching the Omnes function to the 
chiral results at low energy one can provide an extension to higher energies that 
is well behaved. The matching is given by 

P5(/i) = pr'^'Re^if^) + pr^'^'imi' (1) 

where Q is the Omnes function. Interestingly this representation leads to a 
nuclear potential which is very similar to a conventional a potential, and also 
emerges with about the right strength. This provides a novel understanding of 
this ill-understood component of the nuclear force. In addition, knowing these 
ingredients one can explore the quark mass dependence in a way that was not 
possible before. 
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The lack of high-quality elastic proton-proton scattering data at the begin- 
ning of the 1990's hampered both the further improvement of potential models 
of the A^A^ interaction and the refining of partial wave analyses. A precise pp 
data base was also needed to provide polarimetry for the analysis of inelastic 
reaction channels. Through a series of measurements at the Indiana Cooler with 
stored polarized protons impinging on a polarized hydrogen storage cell target, 
a new method to measure spin correlation parameters could be established. The 
measurements yielded full angular distributions of analyzing powers Ay and spin 
correlation parameters A^x, Ayy and A^z at eight different energies between 197 
and 449 MeV [1], the fourth spin correlation parameter Azz was measured at 
197 MeV only [2]. At higher energies, without a storage cell, the ED DA col- 
laboration achieved high-quality data of pp excitation functions of cross sections, 
analyzing powers, and spin correlation parameters between 200 MeV and 2.5 GeV 
at COSY [3]. Our theoretical understanding of the A^A^ system above 1 GeV is 
still unsatisfactory [4]. 

But understanding the A^A^ interaction involves both isospin channels. While 
for the pp system the data situation today can be called fair, the pn database up to 
3 GeV is almost empty. Although not ideally suited for polarization experiments, 
some pn observables can be measured with the ANKE dipole spectrometer at 
COSY. Through the detection of spectator protons from a polarized deuterium 
gas target that is bombarded by polarized protons, pn elastic scattering at cm 
angles below 6 = 30° is accessible. There, the pn data base is almost empty at 
all energies [5]. 
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The goal of this presentation was to demonstrate that it is possible to extract 
interesting physics from A^A^ and dd induced meson production reactions, regard- 
less the large momenta involved. For illustration the techniques/ideas to extract 
various charge symmetry breaking (CSB) matrix elements was discussed. 

One can not expect the same methods to be applicable in reactions at different 
energies. It was demonstrated recently that pion production can be analyzed 
within the framework of chiral perturbation theory, once the scheme is adjusted to 
the large momentum transfer [1] . The expansion parameter turned out to be x = 
\/ m-^jM^. Within this framework an extraction of CSB matrix elements from 
data on pn — + rfvr^ as well as is straight forward. The corresponding calculations 
are in progress [2]. 

As we go to higher energies the straight forward application of chiral pertur- 
bation theory can not work any more. Already at the ?7 production threshold the 
corresponding expansion parameter is 0.7. Therefore at present the extraction of 
CSB matrix elements in a controlled way from the production of heavier mesons 
is only possible in a few special situation. In the talk ideas were presented on 
how is could be possible to extract the CSB amplitude 77a vr'^a from dd an^ 
near the rj production threshold. 

The situation is a lot more transparent when it comes to the extraction of 
the CSB /o — ao mixing matrix element from pn — > dir^r] and dd — > an^t], for 
in this case the mixing effect is automatically enhanced compared to other CSB 
effects as they might occur in the production operator, since ao and /o are rather 
narrow overlapping resonances [3]. 
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In this talk, we report on the properties of vector meson resonances in the 
nuclear medium. First, the meson spectrum due to the KK channel is ob- 
tained in terms of the selfenergy, which in vacuum is provided by a chiral 
SU (3) dynamics model. To consider the K and K in-medium properties we use 
the results of previous calculations which account for S— and P— wave kaon self- 
energies based on the lowest order meson-baryon chiral effective Lagrangian [1]. 
The 5"— wave kaon selfenergy is built from a selfconsistent coupled channel chiral 
unitary approach to the KN interaction. The P— wave kaon selfenergy is driven 
by the excitation of A — /i, H — h and S*(1385) — h components. In addition, a 
set of vertex corrections is evaluated as demanded by gauge invariance. Within 
this scheme the mass shift and decay width of the (p nieson in nuclear matter are 
studied. We find an increase of the (j) decay width to around 30 MeV at normal 
nuclear density and a small mass shift to lower energies which stands below 1 % 
of the size of the mass in free space [2] . 

Second, the p meson is studied by looking at the pion-pion scattering ampli- 
tude in the vector-isovector channel. We start from a chiral unitary approach 
to meson-meson scattering, based on the tree level contributions from the lowest 
order x^T Lagrangian including explicit resonance fields. Low energy chiral con- 
straints are considered by matching our expressions to those of one loop xPT, 
and unitarity is fulfilled exactly in the frame of the N/D method. To account 
for the medium corrections, the pion propagators are modified with a P— wave 
selfenergy, driven by the excitation oi p — h and A — h components. The terms 
where the p couples to the hadrons in the p — h or A — h excitations are also 
considered as requested by gauge invariance. In addition, the p is allowed to 
couple to baryonic resonances, particularly to the S*— wave A^*(1520). The main 
visible effect of the nuclear medium is an enhancement of the p width as well as 
a small shift of the peak to higher energies as the nuclear density increases. We 
observe that an important source of strength appears in the p spectral function 
at low energies from the direct coupling to the A^*(1520) — h components [3]. 
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The renormalization group (RG) is a powerful method to study complex phys- 
ical systems with a large number of scales. In nuclear physics, the RG is an ideal 
tool for constructing effective interactions both in the two-nucleon system (lead- 
ing to a model- independent NN interaction at low momenta, called [1]) and 
in many-body systems, such as for Fermi liquids [2,3]. 

In this talk, we propose a novel method for microscopic calculations of nuclear 
ground state (gs) properties within the framework of density functional theory. 
Starting from non-interacting nucleons in a harmonic oscillator background po- 
tential (1 — X)Vn with a control parameter A, we use the RG to gradually turn on 
the two-body interaction AV^owfc? while the background potential is removed. The 
RG evolution for ^ A ^ 1 is constructed to follow the minimum of the density 
functional rA[p]. After separating off the background and Hartree contributions 
to the density functional, Tx[p\ = (1 — X)Vn ■ p + | p ■ Viowk ■ P + rA[p], the RG 
equation for the exchange-correlation functional rA[p] is given by [4] 



where the solution to the RG equation yields the gs density pgs;A and gs energy 
Egs;X ~ rA[Pgs;A]- The method can be improved systematically, e.g., to include 
three-body forces, pairing correlations, external currents and a projection on 
center-of-mass momentum. We expect it to be applicable over a wide region of 
the nuclear chart. 
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The contact effective field theory provides an ideal framework to compute ob- 
servables for low-energy nuclear and atomic systems to very high precision. The 
theory has been applied successfully to the three-body system with large two- 
body scattering length [1], where it was shown that a three-body force at leading 
order is necessary to renormalize the problem. The obvious next step is to apply 
this EFT to the four-body system. Answering the question of the relevance of a 
four-body force in this system would shed some light on the open problem of a 
general power-counting for many-body forces in the contact theory. Furthermore, 
there is a vast amount of four-body reactions where a high-precision theory would 
be very useful . 

We have set up the integral equations for the four-body system but instead of 
solving these rather complicated integral equations directly, we restricted our- 
selves so far to solve a simplified version of these equations to get some insight 
into the problem. We found that in this case no four-body force is needed and 
speculate that this finding might hold for the full problem. 
In parallel, we are investigating a second approach. We make use of the fact that 
we can write an effective potential which is equivalent to the contact theory and 
use the Yakubovski-equations to solve for the four-body binding energies. By 
varying the relevant parameters we hope to find a quick answer to the to the 
question of the importance of a four-body force at leading order [3]. 

This work is done in collaboration with H.-W. Hammer and U.-G. MeiBner. 
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In the last twenty years chiral perturbation theory (CHPT) became a standard 
tool for the description of low energy physics. Based only on the symmetries of 
QCD, especially on chiral symmetry, this theory gives a systematic and model- 
independent description of low energy processes. Nowadays CHPT is not only 
formulated for the light meson sector but also for interactions of Goldstone bosons 
with one or more nucleons and even nuclei [1]. 

In this talk I presented our analysis of electroproduction of neutral pions on 
the deuteron near the threshold using the framework of heavy baryon CHPT [2]. 
I firstly discussed the results of the third order calculation, where two unknown 
low energy constants appear. They are related to vr^-electroproduction on the 
neutron, which contributes to the single nucleon part (these are diagrams with the 
scattering only on one nucleon. The second nucleon remains untouched during 
the scattering process.). They are fixed from the fit to the total cross section data 
obtained at MAMI [3]. Finally I discussed our new fourth order calculation of 
the three body part (these are diagrams, where both nucleons are involved in the 
scattering process). No new unknown low energy constants appear at this order. 
I demonstrated the improvement of the third order results for the prediction of 
the differential cross sections and the S-wave amplitudes and concluded that our 
partial fourth order calculation is in fair agreement with the experiment [3]. 
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Partially Quenched Chiral Perturbation Theory and 
Numerical Simulations 

Istvan Montvay 

Deutsches Elektronen-Synchrotron DESY 
Notkestr. 85, D-22603 Hamburg, Germany 

The Gasser-Leutwyler constants [1] of the low energy Chiral Lagrangian in 
QCD can be computed in lattice QCD by numerical simulations. This is fa- 
cilitated by the fact that, besides the possibility of changing momenta, on the 
lattice one can also change the masses of the quarks. Chiral Perturbation Theory 
(ChPT) can also be extended by changing the valence quark masses in quark prop- 
agators independently from the sea quark masses in virtual quark loops. In this 
way one arrives at Partially Quenched Chiral Perturbation Theory (PQChPT) 
[2]. PQChPT can be directly formulated on the lattice at non-zero lattice spacing 
[3] and this can be used for correcting leading lattice artifacts in the results [4]. 

In recent papers of the qq+q Collaboration [5,6,7,8] we reported on numer- 
ical simulations with two degenerate light quark flavours and investigated the 
dependence of the pseudoscalar meson masses and decay constants on sea and 
valence quark masses. The present simulations at small quark masses but on rel- 
atively coarse lattices give first estimates for the values of the Gasser-Leutwyler 
constants L4, L5, Lq and Lg which are within the expected range. 

References 

[1] J. Gasser and H. Leutwyler, Annals Phys. 158 (1984) 142. 

[2] C.W. Bernard, M.F.L. Golterman, Phys. Rev. D49 (1994) 486. 

[3] S.R. Sharpe, R. Singleton, Jr., Phys. Rev. D58 (1998) 074501. 

[4] G. Rupak, N. Shoresh, Phys. Rev. D66 (2002) 054503. 

[5] qq+q Collaboration, F. Farchioni, C. Gebert, I. Montvay and L. Scorzato, 
Eur. Phys. J. C26 (2002) 237. 

[6] qq+q Collaboration, F. Farchioni, C. Gebert, I. Montvay, E. Scholz and L. 
Scorzato, Phys. Lett. B561 (2003) 102. 

[7] qq+q Collaboration, F. Farchioni, I. Montvay, E. Scholz and L. Scorzato, 
Eur. Phys. J. DOI: 10.1140/epjc/s2003-01321-3; hep-lat/0307002. 

[8] qq+q Collaboration, F. Farchioni, C. Gebert, I. Montvay, E. Scholz and L. 
Scorzato, to appear in the Proceedings of the International Lattice Confer- 
ence, 2003, Tsukuba; hep-lat/0309094. 



146 



Pion and Kaon Properties in Staggered Chiral 
Perturbation Theory 

C. Aubin and C. Bernard 
Washington University, St. Louis, MO 63130 USA 

Extracting physical quantities from lattice simulations requires an extrapola- 
tion to physical quark masses as well as the continuum limit. The first limit can 
be performed using Chiral Perturbation Theory (XPT), while taking the con- 
tinuum limit has been uncontrolled until recently. Using dynamical staggered 
fermions, scaling violations arising from taste symmetry breaking at O(a^) are 
not negligible. We must incorporate these taste violations into a staggered XPT 
(SXPT) to take the continuum limit systematically. 

This has been done for a single flavor (one staggered field with four tastes) by 
Lee and Sharpe [1]. In order to apply this to lattice data, we need to generalize 
the Lee-Sharpe Lagrangian from Ref. [1] to multiple flavors. Additionally, after 
performing the one-loop calculations, we must remove the effects of the extra 
staggered tastes. The Lee-Sharpe Lagrangian for multiple flavors adds to the 
continuum chiral Lagrangian a term a^V, where V is the taste-symmetry breaking 
potential, written in full for multiple flavors in Ref. [2]. 

Using SXPT, we can calculate the masses and decay constants of pions and 
kaons, shown in Refs. [2,3]. Here we show the specific case of the kaon mass in the 
rriu = nid = mi ^ limit, including all analytic terms. Writing (m^+°°'')^ = 

fi{mi + nig) (1 + 6^2), and denoting the chiral logarithm as l{rn?) = m?\n.m? + 
finite volume corrections: 

- + 1^ - ^1 + 3^"<') 

+ ^ (2L8 - L5) {nil + m,) + ^ {2L^ - L,) (2m; + m,) + a^C. (1) 

Expressions for the pion and kaon properties can be used to extract phys- 
ical numbers to be compared with experiment. For example, we find prelimi- 
nary values for the pion decay constant: fl^ = 130.7(1.0)stat(3.5)sysMeV {f^^'^ = 
130.7(0.4)MeV) and for the kaon decay constant: /^^ = 157.4(1.0)stat(3.7)sysMeV 
{fi(^ = 159.8(1.5)MeV). Also of interest is the combination of low-energy con- 
stants 2L8-L5 = -0.3(l)(t^)xl0-3, since this number is well outside the allowed 
range for m„ = to be a solution of the strong CP problem. 
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Twisted Mass QCD and Lattice Approaches to the 

A/ = 1/2 Rule 

Carlos Pena^, Stefan Sint^ and Anastassios Vladikas^ 

^DESY Theory Group, Notkestrasse 85 D-20607 Hamburg, Germany, 

^Departamento de Fisica Teorica C-XI, Universidad Autonoma de Madrid, 
E-28049 Cantoblanco, Madrid, Spain. 

^INFN, Sezione di Roma II, Dipartimento di Fisica, Universita di Roma "Tor 
Vergata", Via della Ricerca Scientifica 1, 1-00133 Rome, Italy 

Twisted mass lattice QCD (tmQCD) was originally designed to eliminate the 
problem of unphysical zero- modes in lattice QCD with Wilson-type quarks [1,2]. 
This is achieved by adding a chirally twisted quark mass term which sets a lower 
bound on the spectrum of the Wilson-Dirac operator. Renormalised tmQCD 
can be transformed back to standard QCD by a (non-singlet) chiral rotation 
of the fields, and the renormalized tmQCD correlation functions can thus be 
interpreted as linear combinations of the correlation functions in standard QCD. 
As the chiral field rotation is not a lattice symmetry, the renormalization of bare 
lattice operators can be quite different in the two cases. This has already been 
used for the computation of where the usual renormalization problems with 
Wilson fermions are avoided [2,3]. Here we generalise tmQCD to four Wilson 
quark fiavours, and study the computation of A' ^ tt matrix elements of the CP 
conserving weak Hamiltonian [4]. We show that, with an active charm quark, the 
renormalization of the K it matrix elements requires at most the subtraction of 
a linearly divergent counterterm. In the quenched approximation, the parameters 
can be chosen such that only a finite counterterm needs to be subtracted. As a 
result one may be able to match to lowest order chiral perturbation theory and 
obtain the effective couplings and g27, which determine the A J =1/2 rule in 
non-leptonic kaon decays. 
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Overlap Phenomenology 

Christian Hoelbling 

Centre de Physique Theorique de Marseille (CNRS) 
163 Avenue de Luminy, Case 907 13288 Marseille cedex 9, France 

Quenched overlap fermions [1] are used to study QCD phenomenology. With 
the simulation technique described in [2] , we found the mass of the strange quark [3] 

mf^(2GeV) = 102(6)(18)MeV (1) 
and the chiral condensate 

-^(V^V^)*^^(2GeV) = (267(5) (15)MeV)3 (2) 
Nf 

We determined Bk [4] 

= 0.87(8)^?+}^ (3) 

where the first error is statistical, the second is systematic and the third is an 
estimate of the quenching error. 

The calculation of other weak matrix elements including B^ and B^, of baryon 
spectra and the charmed meson decay constant is underway and preliminary 
results are reported in [5]. 
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Lattice QCD and Chiral Effective Lagrangians 

Oliver Bar^, Gautam Rupak^, and Noam Shoresh^ 

^Institute of Physics, University of Tsukuba, 
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^Lawrence Berkeley National Laboratory, 
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^Department of Physics, Boston University, 
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Chiral perturbation theory (xPT) is a necessary tool in extracting information 
about QCD from lattice simulations, which are done with relatively heavy quark 
masses. We consider several low energy effective theories - extensions of xPT - 
which capture the leading discretization artifacts for certain lattice actions. The 
strategy is a two-step process. First one constructs the local Symanzik action 
for a given lattice action. Then, in close analogy to the derivation of xPT from 
QCD, one constructs a low energy chiral effective action. The resulting chiral 
Lagrangian reduces to the familiar chiral Lagrangian in the limit a — > 0. When 
a is non-zero, new terms appear in the Lagrangian with corresponding unknown 
coefficients (analogous to the Gasser-Leutwyler coefficients). 

This method has been applied to the Wilson lattice action in Ref. [1] to order 
a, and to order in Refs. [2,3]. The chiral Lagrangian for staggered fermions 
has been derived in Refs. [4,5]. Another type of lattice action which has been 
analyzed is one with Ginsparg- Wilson valence quarks and Wilson sea quarks [6,2]. 
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Chiral Perturbation Theory, Heavy-light Mesons 

and Lattice QCD 

Damir Becirevic^, Sasa Prelovsek^''^, Jure Zupan^'^ 
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Centre d'Orsay, 91405 Orsay-Cedex, France. 
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We study the chiral properties of the B —>■ n and B K transition form factors 
in the static heavy quark limit by employing the quenched, partially quenched 
and full (unquenched) chiral perturbation theory (ChPT). From the expressions 
derived at NLO in all three versions of ChPT we were able to examine the size 
of systematic uncertainties which currently plague the accurate determination 
of the form factors by means of lattice QCD, namely: the effects of quenched 
approximation, the impact of the chiral log terms on the extrapolation toward 
the physical pion mass. The complete discussion with details of calculations is 
presented in refs. [1,2]. In the case of partially quenched theory with Nf = 2 
degenerate dynamical flavours we propose a simple chiral extrapolation strategy 
by which one can avoid the effects of divergent quenched chiral logarithms [2]. 

We also discuss the ^ parameter which enters decisevely into the standard 
CKM unitarity triangle analyses [3]. In particular, we propose to combine the 
fss/ Jb and fx/ fir in double ratio in which the large chiral logarithms cancel, thus 
reducing the otherwise huge uncertainties in the chiral extrapolation of fss/fB- 
From the double ratio computed on the lattice, and the experimentally deter- 
mined fx/ fn, one can predict fss/ fs, with a very small uncertainty. 
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The Pion Mass in Finite Volume 



Stephan Diirr^ and Gilberto Colangelo^ 

^DESY Zeuthen, 15738 Zeuthen, Germany 
^Institute for Theoretical Physics, University of Bern, 3012 Bern, Switzerland 

When studying QCD in a finite box xT with toroidal boundary condi- 
tions (as is standard in lattice calculations with T^L), properties of the QCD 
Hamiltonian will reflect the finite spatial extent. In particular, the relative shift 

Rm{M^,L) = ^-^^^~^^ where M.^M.(L = oo) (1) 

is a systematic effect that one would like to have analytically predicted. 

One way is due to Liischer who noted that the finite-size effect in Euclidean 
space follows from the vr-vr forward scattering amplitude in Minkowski space [1] 

Rm{M^, L) = - ^qJj^,^ J Jy Fiiy) e-v/^^ + 0(e-*^^) (2) 

where the generic bound M> ^J'ijlM can be specified to M=\piMT^. To LO in 
the chiral expansion the amplitude F is constant (in y\ hence the integral in (2) 
can be done analytically [2]. Using NLO and NNLO chiral input, the resulting 
expressions for Rm become more involved [3,4], necessitating in the latter case 
a thorough discussion of the impact of the uncertainties of the NLO low-energy 
constants involved. The advantage is that one can explicitly watch the chiral 
convergence behavior at fixed and L. 

The other approach is to directly compute the pion mass in chiral perturbation 
theory in a finite volume. This has been done at 1-loop level in [5] , resulting in 

Rm{M^. L) = ^e^i(A) + Oie) (3) 

with ^ = M^/(47rF^)^ and \ = Mt,L. In [4] we provide a representation of gi which 
is handy for a numerical evaluation, and we include a table where the predictions 
of both approaches are compared for a reasonable range of M^^ and L values. 
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The Lattice Determination of K — y tttt 
in the / = Channel 

Giovanni Villadoro 

Dip. di Fisica, Univ. di Roma "La Sapienza" and INFN, 
Sezione di Roma, P.le A.Moro 2, 1-00185 Rome, Italy 

In this talk, a brief review was presented about recent developments in under- 
standing problems related to the extraction of J = ^ vrvr matrix elements 
from the lattice. In particular the talk focused on the interplay between finite 
volume corrections, final state interaction and the quenching approximation. Af- 
ter a short introduction about historical milestones on the subject, such as the 
Maiani- Testa no-go theorem and finite volume Liischer formulae (see ref. [1]), the 
general strategy to extrapolate the amplitude to the physical point, through the 
use of xPT to NLO, was described [2]. Two recent procedures of implement- 
ing xPT in this type of calculations and the relevant formulae can be found in 
refs. [2,3]. Finite volume analysis has been discussed then in full, quenched (q) 
and partially quenched (pq) QCD by using xPT. In particular it was discussed 
how, in qQCD, the lack of unitarity prevents the extraction of matrix elements 
from correlators with multi-particle external states [4]. More recently, in ref. [5], 
it has been shown, however, that pqQCD can avoid this problem for particular 
choices of masses and momenta. More in details, the I = K ^ nn matrix 
element can be extracted from pq simulations provided that sea quarks be de- 
generate with the valence ones and the c.o.m. energy be under threshold for 
production of quenched flavors. Outlook and consequences on actual numerical 
simulations were presented in the conclusion. 
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Surprisingly, physical information can be extracted from unphysical setups, 
like from a finite volume via a finite size analysis. This framework is highly suit- 
able for lattice simulations. 

One analytic tool to study such a setup is the e-expansion of Chiral Perturbation 
Theory (ChPT) [1], which allows to extract the characteristic Low Energy Con- 
stants (LEG) by confronting its prediction with numerical data. 
In contrast to the infinite volume case, in a finite box {V = L^) gauge field of 
fixed topological sectors play a prominent role [2]. 

This turns out to be expecially important in the e-regime of GhPT, where the 
Gompton wavelength of the pion does not fit at all into the box [LmT^ < 1). 
From a numerical point of view, the possibility to simulate chiral fermions on the 
lattice is one of the great achievement of the last years [3]. 

This new lattice world is very cost demanding, forcing us (so far) to restrict sim- 
ulations to the quenched approximation. 

Based on two recent analytical works [4], a numerical pilot study of the 2-point 
meson correlation functions in the e-regime of quenched chiral perturbation the- 
ory was presented [5], using the overlap formalism with /3 = 6.0 and two lattices 
of physical volume 1.12 fm and 0.93 fm. 

From the data relative to the axial correlation function, it was possible to extract 
the quenched bare pion decay constant to be = 86.7 ± 4.0 MeV. 
The determination of other LEG is in progress. 
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e'/e and the AI = 1/2 Rule in the 1/Nc Expansion 



S. Peris 

Grup de Fisica Teorica and IFAE 
Universitat Autonoma de Barcelona 
08193 Barcelona, Spain 

In this talk, after briefly discussing how to analytically compute unfactorized 
contributions to weak matrix elements in the large- iVc expansion [1], I reported 
on the new results for the matrix elements of the Qq and (^4 penguin operators 
obtained in [2]. These results include unfactorized contributions of 0{N^ x ^) 
and exhibit analytic matching between short- and long-distance scale dependence 
in the MS scheme. It is found a numerically large and positive contribution to the 
AI = 1/2 matrix element of Qq and hence to the direct CP- violation parameter 
e'/e. 

The implications of these results for a quenched theory were analyzed in [3] 
where the conclusion was reached that the pure quenching artifact, a^^, the 

(8 1) 

quenched octet coupling a^i and its counterpart in the unquenched theory, 

af'^''[4], obey the hierarchy a^^ ^ Q^qi'^^ ^ af'^\ Since a^^ is currently ne- 
glected in lattice analyses of e'/e, the result just mentioned could help explain 
the present discrepancy between lattice and experimental results [5] [6]. 

Results were also obtained for the AI = 1/2 rule in K ^ inr amplitudes. 
Large "eye-diagram" contributions of 0{N^ x from the Q2 operator were 
found which are related to the unfactorized contributions from Q4 mentioned 
above. The results lead to an enhancement of the A J = 1/2 effective coupling. 
A common origin for all the violation of factorization that we find was discussed 
in terms of the relevant scales in the problem. 

I am very thankful to M. Golterman, T. Hambye and E. de Rafael for a most 
pleasant and fruitful collaboration. 
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Nucleon Form Factors from the QCDSF Collaboration 
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We have computed the electromagnetic form factors of the nucleon in quenched 
lattice QCD, using non-perturbatively improved Wilson fermions [1]. The anal- 
ysis focusses on the isovector case as in this sector the quark-line disconnected 
contributions, which we have not evaluated, cancel. We want to compare the 
pion-mass dependence of the Monte Carlo results with predictions of chiral ef- 
fective field theory. Since the pions in the simulations are relatively heavy 
(m^ > 500 MeV) quenching effects are expected to be small, and one can use 
ordinary chiral perturbation theory rather than quenched chiral perturbation 
theory. More specifically, we consider formulae obtained within the small scale 
expansion [2,3], which has explicit nucleon and A degrees of freedom. As the 
momenta in our simulations are too large for a comparison of the form factors 
themselves, we fit the dependence of our form factors with a dipole ansatz 
and compare only the resulting radii as well as the anomalous magnetic moment. 
While a reasonable connection between the Monte Carlo data and the physi- 
cal value is achieved for the Pauli radius and the anomalous magnetic moment, 
the Dirac radius is more problematic [1]. It seems that the leading one-loop 
calculation in the small scale expansion is not accurate enough to describe the 
quark-mass dependence of the isovector Dirac radius up to the masses used in 
present simulations. It remains to be seen whether additional terms in the ex- 
pansion can solve this problem. On the other hand, the simulations will progress 
towards smaller quark masses so that eventually contact with chiral perturbation 
theory should be established. 

References 

[1] M. Gockeler, T.R. Hemmert, R. Horsley, D. Pleiter, P.E.L. Rakow, A. 
Schafer, G. Schierholz, hep-lat/0303019. 

[2] V. Bernard, H.W. Fearing, T.R. Hemmert and U.-G. MeiBner, Nucl. Phys. 
A635 (1998) 121; 642 (1998) 563 (E). 

[3] T.R. Hemmert and W. Weise, Eur. Phys. J. A15 (2002) 487. 



156 
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Presently, unquenched lattice simulations with the physical values of the light- 
quark masses are prohibitively time-consuming, even on the fastest machines. 
Relatively recently it was realized that partially-quenched (PQ) simulations, in 
which the sea quarks are more massive than the valence quarks, provide a rigorous 
method to determine QCD observables and are much less time-consuming than 
their QCD counterparts. Technology has been developed to describe partially- 
quenched QCD (PQQCD) with PQx-PT (Ref. [1] and references therein). It is 
hoped that future lattice simulations can be performed with sufficiently small 
quark masses where the chiral expansion is convergent, and can be used to ex- 
trapolate down to the quark masses of nature. Recently, meson and baryon 
properties have been studied extensively in PQx-PT [2,3,4,5,6,7]. Two-nucleon 
systems have also been explored in PQQCD [8,9]. An important further mo- 
tivation for PQQCD is the additional "knobs" that are provided by exploring 
the "plane" of sea and valence quark masses and which increase the consistency 
checks available to lattice simulations. 
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The study of electromagnetic form factors of the hadrons at low momentum 
transfer provides important insight into the non-perturbative structure of QCD. 
A number of new lattice QCD calculations of these form factors have recently ap- 
peared [1]. These calculations use the quenched approximation of QCD (QQCD); 
partially quenched calculations (PQQCD) are expected in the near future. Since 
currently and foreseeably lattice calculations cannot be performed with the phys- 
ical masses of the light quarks, it is crucial to know how to properly extrapolate 
the results of these calculations from the quark masses used on the lattice to those 
in nature. To aid in this extrapolation, low-energy effective theories — quenched 
and partially quenched chiral perturbation theory (Q^PT, PQxPT) — have been 
developed [2]. 

We calculate [3] the electric charge radii of the SU (3) meson and baryon octets 
in QxPT and PQxPT. We work in the isospin limit, up to next-to-leading order 
in the chiral expansion, and to leading order in the heavy baryon expansion. We 
find that, while the expansions about the chiral limit for QxPT and PQxPT are 
formally similar, < >~ a -|- /? log mg + . . ., the QQCD result exhibits quenched 
oddities: for S~ and H~, for example, (3 = and these radii are independent of 
the quark masses mg! Such behavior, also found for the mesons, illustrates 
how QQCD has no known connection to QCD. PQQCD, however, is smoothly 
connected to QCD and the low-energy constants of PQxPT are found to be the 
same as those of xPT. Hence, our PQxPT result will enable proper extrapolation 
of PQQCD lattice simulations to QCD. 
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The strange-quark current matrix elements of the nucleon probe non-valence 
degrees of freedom. This physics can be studied within quenched lattice QCD 
by invoking a stochastic method for the strange quark propagator [1]. Pioneering 
studies of the strangeness electromagnetic form factors demonstrated that a sig- 
nal can be difficult to extract from lattice simulations [2], so our recent work[3] 
includes a study with many more configurations than previously used, as well as 
two different choices for the number of noises in the stochastic propagator. A 
clear signal is seen for the scalar matrix element, but the electric and magnetic 
matrix elements can only be bounded by an uncertainty consistent with zero. 

Ref. [3] discusses the chiral extrapolations of these strangeness matrix ele- 
ments through quenched SU(3) chiral perturbation theory (ChPT) calculations. 
Some pieces of the calculations can also be found in Ref. [4] . It is noted that the 
scalar, electric and magnetic cases share the same low energy constants (LEC's), 
so the established scalar signal from lattice data constrains the electric and mag- 
netic extrapolations. There could be advantages to using SU(2) ChPT instead, 
and a calculation exists[5], but in SU(2) ChPT the scalar LEC's differ from the 
electromagnetic LEC's, so it seems that the application of SU(2) ChPT to elec- 
tromagnetic matrix elements must wait for a clearer lattice QCD signal. 
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Lattice QCD on one side and Chiral Perturbation Theory (xPT) on the other, 
are progressively developing as important tools to deal with the non-perturbative 
aspects of hadron structure. At present, however, there is a gap between the 
relatively large quark masses accessible in fully dynamical lattice simulations of 
nucleon properties and the small quark masses relevant for comparison with phys- 
ical observables. In our work we explore the consequences of a direct application 
of xPT in the range of presently accessible quark masses on the lattice and the 
feasibility of a systematic approach based on chiral effective Lagrangian for the 
extrapolation of nucleon properties from lattice QCD. 

In [1] we focus on the quark mass dependence of the nucleon mass and 
present an extrapolation of this observable from two-flavor lattice QCD results in 
the framework of relativistic baryon xPT up to order in infrared regularization 
scheme. Already at leading one-loop order we obtain a good chiral extrapolation 
function and the next-to-leading one-loop corrections turn out to be reasonably 
small. From the extrapolation we find Mjv = (0.91 ± 0.07) GeV together with 
the pion-nucleon sigma term = (53 ± 8) MeV, at the physical value of the 
pion mass. Including the empirical as a constraint gives the nucleon mass in 
the chiral limit Mq 0.89 GeV, and (Tn ^ 47 MeV. 

We study also the quark mass expansion of the axial-vector coupling constant 
qa of the nucleon [2]. We compare two versions of non-relativistic chiral effective 
field theory: Heavy Baryon xPT and an extension of that (Small Scale Expan- 
sion) which incorporates in a systematic framework explicit A(1232) resonance 
degrees of freedom. It turns out that, in order to approach the physical value of 
qa in a leading one- loop calculation, the inclusion of the explicit A(1232) degrees 
of freedom is crucial. With information on important higher order couplings 
constrained from analyses of the vrA^ miN reaction, a chiral extrapolation 
function gAifnn) is obtained, which works well from the chiral limit across the 
physical point into the region of present lattice data. 
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"What should be addressed the next five years" 
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I collected and discussed a number of methodological issues I believe to be 
important for extracting hadronic physics from Lattice QCD, restricting myself 
to topics involving the use of effective field theory. Since almost all Lattice 
QCD computations are "unphysical" (wrong quark masses, unphysical momenta, 
small volume, etc.), EFT techniques such as ChPT are essential in extracting 
physics from Lattice QCD. An important new application of EFT is its use in 
parameterizing in a systematic way 0{a) and O(a^) corrections [1,2]. 

(Partially) quenched Lattice QCD with the number of sea quarks A'^^ ^ 
3 leads to uncontrolled errors and unphysical effects. These cannot be esti- 
mated/corrected for in ChPT, since the (partially) quenched low-energy con- 
stants can be different, and run differently. Since many Lattice QCD results at 
present are still obtained at Nf = 0, 2, it's useful pursuing quantitative analytic 
estimates of such differences; an example for the penguin Qq is in [3]. Because 
of the importance of Nf = 3 computations, one should consider using staggered 
fermions for sea quarks - even though there are issues to be understood {e.g. 
fractional powers of the fermion determinant and "mismatched" zero modes). 

An important issue is the convergence of ChPT, both on the lattice (does 
it converge for typical lattice meson masses? - see e.g. [4] for examples of 
poor convergence) and in the real world (does it converge at M^?). It does 
not help to stick LECs computed on the lattice into real-world ChPT if that 
does not converge (getting Mk right on the lattice, and extrapolating in rriu^d 
[5] may help). I emphasized that LECs are interesting and easier than physical 
quantities ((78,27 are easier than e' /e\), and phenomenological or model estimates 
are often available. Comparison with analytic approaches [6] should be interesting 
(example: IIlr{Q^), for IlEMiQ"^) see [7]), because they have typically more 
difficulty outside the chiral limit, while the lattice has trouble getting to the 
chiral limit. 
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